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ABSTRACT

Speedie, Stuart Mitchell. Ph.D., Pﬁrdue University,
August, 1973. A factor analytic study of specific
cognitive abilities related to human problem solving. ,
Major Professors: Donald J. Treffinger and John F. Feldhusen.

The pfoblem of change is one of the most urgent
and formidable challenges faced by all individuals in
modern society. Yet we know little of the means by
which individuals adjust to chanée. The purﬁose of
this study was to investigate one way by which humans
cope with change -~ problem solving. More specifically,
this study concentrated on what human abilities are
important to cfficient problem solving. First,
hohever, since present problem-solving tasks are
insufficient samples  of problem-solving behavior,
- neh;%ésks were de:;igbed which focused on the processes
involved in problem solving. Thus the objectives of
this study were as follows: (a) to develop three group
administration tasks - simulated problem situations,
Verbal Mazes, and concept identification tasks - that
measured problem-solving processes; (b) to eQaluate the
reliability of‘xhése tasks; (c) to determine the

predictability of performance on these problem-solQing

tasks from a set of human ability measures specified by




the Structure of Intellect model} and (d) to determine
the underlying structure of the ability measures and
problem~-solving criteria. A

Four forms of each problem~solving task were
developed, consisting of single and multiple solutidns,

and an alternate form of each. Two forms of each task

‘were evaluated for reliability by means -of a two week

test-retest situation. The tasks were also evaluated
for alternate forms reliability by simultaneous administration
of the alternate forms of each task.
The representative sample of human ability
measures consisted of 17 tests from the'Structurerf
Intellect model measufing each of the processes operating
on semantic content to produce several different types
of products. These 17 tests, along with four of the |
problem-solving criterion tasks, were ;dministered
to a sample of 490 fifth grade students over a period
of five hours. The resulting data was subjected to
regression analysis, conventional factor analysis with
Promax oblique rotation, canonical correlation analysis,
and extension loadings analysis,
Test-retest reliabilities were found to be quite
low, ranging from .30 to .74. Alternate forms refiabiiitiés
were essentially zero except for thé Verbal Maze problems.

Regression analysis revealed that convergent production

of semantic transformations and two memory abilities were

10
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related to performance on the simulated problems; memory
and evaluation abilities were related to Verbal Maze
performance; and logical reasoning and noticing details
were important to concept identification. The factor
analysis revealed five factors: (a) a general test
performance factor, (b) a simulated problem factor,
(c) a concept identification factor, (d) a divergent
thinking ﬁéa;hre, and one insignificant crossover factor.
Canonical correlation analysis and extension loading
analysis added nothing more.

It was concluded that, although - a number of actors
may have affected the results, the most probable cause
of the lack of»important results was the low reliabilities
of the problem-solving criteria. The regression analyses
yielded some information, but hardly of great significance,
since multiple Rs were generally low. Thus the study
requires replication with several important changes in
order to reveal significant insights into the problem-
based model of instruction could be based on

solving process. Also it was concluded that no empirically
|
\
the results of this study.
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INTRODUCTION

The problem of change is one of the most urgent

and formidable challenges faced by all individuals

in modern society. Yet we know little of the means

by which individuals adjust to change, especially
rapid change. In a world where technology haé made
change a constant fqgﬁm of life, it is necessary to
find ways to é&ucaté“igdividuals in coping effectively,
or face the altephative ¢ being drbwned by the rising
tidés'of our own inventiveness and technology. In

his book Future Shock, Toffler (1970) contends that we

shall need individuals

..+ who can make critical judgements,
‘who can weave their way through novel
environments, .who are quick to spot new
relatlonshlps in the rapidly changlng
reality. It (modern 5001ety) requires
men who in C. P. Snow's compelling -
term, have the future in their bones.
(p. 403).

Since solving the problems generated by change

‘appears to be of prime importance for surviving in

this'presentday world, a central role of education

:should_be‘to assist each individual in developing the

abilities and skills necessary for coping with this
change. Thus, schools should have the development

of problem—solving skzlls in each pérson as one of

their primapy goals, Or as Toffler (1370) argues:

12
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The new education must teach
the individual how to classify and
r°c1a581fy information, how to evaluate
~its veracity, how to change categories
‘when necessary, how to move from the .
concrete to the abstract and back,

how to look at problems from a new
direction--how to teach himself.

(p. ulus),

Such goals are often stated in the general philosophy
and objectives of school systems but not generally
implemented to the fullest possible extent. Studenfs
are often taughteknown solutions to familiar or age-

%

old problems, and llttle time is spent in exp11c1tly

'teachlng strategles for encounterlng and deallng with

new problems. (cf. Kozol, 1967; Holt, 1964),
It is not reasonable, however, to blame the

schools entirely for this deficit since social and

‘behavioral scientists know so little themselves about

how people solve the type of problems one encounters in
the fastpaced world of today. What seems to be called

for is the development of innovative approaches to

instruction aimed at training individuals to deal with

Sueh prdblems. Such approacheq would necessarlly
concentrate on teachlng complex cognitive skills
and strategies necessary for confronting the problems
of fast-paced change.

However, the effectiveness of many innovative

instructional programs is open to question. This has

13




been documented by Charles Silberman in Crisis in the

Classroom (1870):

the 1950's and '60s saw one of the
largest and most sustained educational
reform movements in American history,
an effort that many observers, this writer
included, thought would transform the
schools. Nothing of the sort has
happened; the reform movement has
produced innumerable changes, and yet
the schools themselves are largely
unchanged. (p. 158). '

Perhaps one of the reasons that few educational

innovations have been effective is that these prograns

"are seldom derived from empirically tested principles

of instruction, nor based on proven ideas concerning

: L
their subject matter. Most are quite effective in

training students to achieve knowledge level objectives

but few have concentrated on the processes or strategies
-impéftant'to their particular concerns.

To summarize, our rapidly changing society requires
persons who are able to solve a great variety of
‘challenging problems. This implies that schools must
emphasize courses of instruction which dwell on the
skills and abilities necessary for problem solving.

Yet, few such programs of instrucfion éxist.'Thus,
a new and innovative approach would seem to be
indicated although educational innovations have a

history of failure. How, fhen, can we proceed to

14




design innovative courses of instruction whicﬁqwill
help our children to meet future challenges?

This project assumes that a number of goals must
be accomplished in order to design such a program.
First; 'a clear and pracise definition of problem-~
solving must be developed. Second, the strategies
which people solve.the muititude of problems they face
must be elucidated. Third, the intéllectual skills
and abilities neéessary fof solving problems must be
.established. Fourth, instructibnal strategies must
be designed which are derived from the findingé
of the first three geals and the empiriecally established
principles of learning and instruction.

Obviously, the accomplishmentof these four goals
lis.a highly ambitious undertaking and one which is
beypAd the scop§<f this dissertation. Instegd, two
goals will‘océupy the prima?y focus. That is, which ]
intellectual skills and,abilities are imporfant to
efficient problem-solvmng and can an lnstructlonal

program based on these abilities be designed?

15
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REVIEW OF LITERATURE

The following sections will review the literature
withnrespeét to definitions of problem—églving. Séveral
models of the problem~-solving procgss Qiii be reviewed.
The operational definitions of'problem~§olving-will,

be discussed and evaluated. From the components of

" the problem-~solving models and the literature

concerned with intellectual skills involved in problem-
solving, a set of important skills will be hypothesized

and a study proposed.

Definitions of problem-solving.

By its semantic nature, problem solving is an

. action performed upon an object. Thus in defining

problem solving, one must first deal with the object,
i.e., the nature of "problem" must be explained. Johnson
(1972;ﬂp. 25 ) stated that a problem exists when an

individual is motivated toward a goal and his first

attempt to réach'it is unrewarding. Newell and Simon

(1372) contend that a persoh is confronted with a
problem when he wants something and does not know
immediately Qhat specific actions he can perform to
get it. It appears to be a generally accepted
definition (cf. Duncker, 1345; Wertheimer, 1959;

Duncan, 1959; Ausubel and Robinson, 1969; Bourne,

2
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Ekstrand and Dominowski, (1971) that a problem is a
situation in which a person is motivated toward a goal
from some present'state,'butdoes not know the specific
means of achieving that goal, giben the present state.

Problem solving is, then, the means by which an
individual moves from his present state to some' goal.
However, what exactly constitutes this process is a
matter for considerable debate. Davis (1966) claimed
that problem solving is any semi-complex leérning task
which has not already been identified by another name.
The more concrete'definitions, however, have been
expressed as identifiable subgroups of intellectual
processes which are linked in some order. These -
links have been of two kinds: 1linear.and feedback.

Earlier definitions of problem solving generally
listéd several intellectual processes linked in a
linear manner. Dewey (1933) proposed that problem
solving consisted of fiQe»phases:

{1) 'suggestions in whigh the mind leaps
forward to possible solution; (2) an in-
tellectualization of the difficulty or
perplexity that has been felt into a problem
to De solved, a question for which the answer
must be sought; (3) the ise of one suggestion
after another as a leading idea, or hypothesis,
to initiate and guide observation and other
operations in the ‘collection of factual
materials; (4) the mental elaboration of the
idea or supposition »«+3 and (5) testing the

hypothesis by overt or imaginative action.
(p. 107.

17




Wallas (1225)‘suggested four phases of proﬁlem solving
which were preparation, incubation,~illumination, and
verification. Later defiritions of problem solving
'suggested interactions among the various phases.
Merrifield, Guilford, Christensen and Frick (1962)
proposed that the’phases of preparation, analysis,
production, verification, and reapplication interaéted_
in the problem solQing process. Johnson (1972) |
suggested three broad claéses of précesses: preparation,
production, and judgement. Others, such’as Gagné (1966)
maintain that problem solving is'thergomplex interaction
of a number of subordinate ieainings thch load to the
learning of a new rule. o |

Latér approaches to defining problem solving have
usually considered it to be,tﬁe operation of an in-
formétion'processing System, a system of processing
and feedback. A paradigm of such an information

processing system is given in Figure 1.

18




B

C
n
v

) i Receptors }
g Processor
n ¢ |
.M * Effectors |
e
n
t

Figure 1. General structure of an information processing
system (After Newell and Simon, 1972).

[

Newell and Simon (1972) make four propositions
concerning problem solving in this information processing

system:

1. A few, and only a few, gross characteristics
of the human IPS are invariant over task and
- ' problem solver. :
~ 2. These characteristics are suffiecient to
determine that a task environment is represented
(in the IPS) as a problem space, and that
problem-solving takes place in a problem
space. .

3. The structure of the task environment
determines the possible structures of the
problem space.

4. The structure of the problem space determines
the possible programs that can be used for
problem~solving.

These four propositions mean, in more conventional

19
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terms, that:(a) there are only a few characteristics
which are true of all problems and problem solvers;

(b) but these few chapracteristics are enough to determine
that the problem.is perceived by the problem solver;

(c) and these objective characteristics of the problem
task cetermine How the problem solver views the problems
(d) and finally, how the problem solver perceives

the problem determines how he will solve +the problem.
Newell and Simon have derived this model from a great
deal of simulation work wi*th three problem tasks:

theorem proving, cryptarithmetic, and chess. For

these tasks, possible problem'spades‘have been specified,-
and programs which appear to imitate human behavior have
been developgd. However, one must be cautioned that
these problem spaces and programs (solution strategies)
are highly task sPécific.

‘Guilford (19%87) proposed a model of problem solving
involving processes from the Structure of Intellect.
model. This model is represented in Figure 2. In this

. . .

model the problem exists in terms of environmental and
somatic input. This input is filtered by arousal and
attentional'mechanisms and the problem is either ignored
(Exit I) or the problem is sensed and structured
through cognition processec. These cognition processes
may call on evaluation processéés or new input. After
passing through this stage, the problem may again be

Q P
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exited (Exit II) or answers generated either, by
convergent or divergent producfion. These arnswers are
evaluated and either the problem is exited (Exit ITI)
or a new cycle of cogrition, productiqn, evzluation

is started. Underlying alli of these ﬁrocessés is
memory accession, upon which the other proceszes afe
dependent. The Guilford model of problem solving is

an information processing model in which a variety of
hid

intellectual processés act ﬁpon environmental and
somatic input, with constant reference to'memory, to
generate problem solutions.

A third model of problem solving is suggested by
Ausubel and Robi;son (2¢62). The model, as depicted
in Figure 3, postulates four ievels in the problem-
golying process: (1) preobiem setting, (2) definition
of the problem, (3) gap filling, and (4) verification of
the solution. Central to problem solving is. the gap‘

.

filling process. This process starts with the given

problem information plus an individual's background.

These are manipulafed by rules of inference guided by a

strategy in order to reduce the‘gap between the initial
proﬁosition and the final proposition or goal. 'This
gap fiiling process is similar in many respects to the
meanc-ends analysis of Newell, Shaw and Simon (1958)

which they employed in their General Problem Solver.

. Y og2




§0§ *C “6967) LOSUTQON PuE [EARSY

~ m8ypexed Furatos weyaoad *C gmﬁw
?

UOTIROTITI6A AT
N // £q eoUIB UL N\
£Aoreass / peptnd \_ JO STy £q suoTyrsodoad
[ B S pereTndyucy pUROISNOBg
-+ ssecoxd o
- 2aTTIII~CeD |
Ye vorarsodos 5/ Oz uot3tsodoag puns
PTron - {SUDATY .
\\ .
‘ steatd pup Tvod. - I
¢ margoad Jo uotITUTIe]
uotgysodoad I
dutljes-wsTqog
Of
D= i
i
- Evm




A fourth model of problem solving was developed by
Feldhusen, Houtz, and Ringeq?ach (1972) through a review
and synthesis of the problem-solving litera+ure,. As a
result of their review, they postulated 12 different

types of problem-solving processes:

1. Sensing that a problem exists;

2. Defining the problem;

3. Clarifying the problem;

4. Asking questions;

5. Guessing causes;

5. Judging if more information‘is needed;

7. Noticing relevant cetails;

8. Using familiar objects in unfamiliar ways;

Lo
.

Seeing implications;
10. Solving multiple solution problems;
11. Solving single solution problems; and

12. Verifying solutions.

A fifth, perhaps more elemental model of problem
solving was put forth by Miller, Galanter, and Pridbram

in their book Plans and the Structure of Behavior (1960).

They postulated that =zll variety of problems confronting

humen beings are solved through the use of "plans". -The
basic element of the "plan" is the TOTE. The TOTE
ie a basic feedback system illustrated in Figure &.

The basic process is to test a given condition, exit

24




if the condition is satisfied, otherwise perform some .

cne of a smdll class of onerators and t

condition again. It is evident that this model does not

specify any particular processes involwved in problen

1)

Y

7 1
Input g PEST Output
———— e '}
; (Congruity)
. f
. /h
i
(Incongruity) !
?
OPERATE

B e eV V.

Figure 4. The basic TOTL feedback system.

solving, but it does specify +he form that any such

process will take; namely a TOTE hierarchy as given in

Figure 5.
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TEST ‘ |
—_— ai
naxl (flush)
z .1 |
]}»
(sticks up) ' I
. Hammex (dovm}
i BEPNVORY
TEST | lem) TEST
hammer T hammer
3 %
(down) (up) ’
. N
: 1ift ‘ ' ] strike
| J |

Figure 5. A TOTY hierarchy for hammering a nail.

To summarize, there are a number of definitions of
problem solving, embodied in several different models.
These definitions all speéify that problem-solving is
the process of reaching a goal state from an initial
state, where the means is not at first known. However,
the intellectual skills and abilities that choose,
initiate, and execute these processes is a matter of
debate., It remains a matter for empirical study to-

identify these intellectual skills and abilities.
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Empirical studies of abilities important to problem

solVing.

'Basic émpirical work in this area was done by
Merrifield et al. (1962) in “heir factor analytic
study of problenm solving; Furtherp anélysis(of the
data collected were presented in Guilford ahd Hoepfner
(1371).  In this study 37 reasures representing 16
differ?nt Structure of Intellect (SI)'féétors were

administered'to a group of. 232 Naval personnel. The

16 SI factors represented ape listed below:

1. CcMu cognition of semantic units (verbal
- .
comprehension)
2. CMC cognition of semantic classes (con-

ceptual clessification)
3. CMR cognition of semantic relations

(education of conceptual relations)

4. CMS cognition of semantic systems (general
| reasoninéj
5. CMT cognition of semantic transformations
(penetration) .
6. CMI cognition of semantic implications

(conceptual foresight) **
7. DMU divergent production of semantic units

(ideational fluency)

8. DMC divergent production of semantic classes-.

(spontaneous flexibility)
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! 8. DMR divergent production of semantic
N relations (associational fluency)
10. DMT divergent production of semantic
transformations (originality)
11. HMC convergent production of semantic
classes
12. NMR convergent production of semantic
3 \ -relations (education of conceptual
égfrelates)
©13.  NMT coenvergent production of semantic
T transformations (conceptual redefinition)
14, NMI ‘convergent production of semantic
| implications (deduction)
15. MR evaluation of semantic relations R
(Logical =svaluation)
. ‘ ~16.  EMI evaluation of semantic implications

(sensitivity to problems)

central reason for.chéosing these particular 16
the authors reasoned hypothesis that these
- lities were central to the productién phase of problem
ving. They had chosen to concentrate on this phase
to the nature of their pfoblem-solving_tasks.

The problem-solving criteria of the study were

sing Llinks, in which the task was to produce three

¢ ds to complete a chain of associations between an
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initial and finajl word'. 'LUC second criteria was

Gn

Predicaments in whlch the

Lask Was to produce two

3

hich clven objects could be used to solve g

spcc¢f1c problem.

ways in w

;,thlrd Criteria wa

s Transitions
in which tbe S wag required to write a coherent account

loalcally connecting the given initial and final sit-

uations of a short story; this test yielded measures

of coherence and logical connection. A summary of

their revised resultsfh;given in Table 1.
The most pecent analysis (Guilford and Hoepfner,
1371) ﬂndlcated thaL there was no dlscrete problem-

solving factor. Pa ather, the problem-solving tests

loaded on a number of SI fectors. Transitions was

associated with an ability they labelied verbal

comprehension (or in SI terms, cognition of semantic

units). Performance on the Predicaments test was

related to performance on a factor they labelled

conceptual foresight op cognition of semantic im-

Plications. The ability labelled sensitiv1ty to

problems or cogniti Lon of sepantic ‘implications was

reloted to performance on bo*h the Predlcaments and

Transitions tests,

Missing Links was associated with

convergent production of semantic transformations and

finally, originality or divergent production of semantic

transformations andg performance on. the Transitions test

were shown to be associated,

29
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However, It should ﬁot be éoncluded from the
report of -Merrifield et. al. (1962) that these are the
only abilities related to human problem solving. One.
serious limitation of the study involves thé represen-

tativeness of the criterion tests with respect to

problem-solving behavior. Three of the four measures
were based on the determination of verbal associations,
utilizing simple word to word associations in the

Yissing Links test or the more complex "implied meaning"

in the Transitions test. In the Predicaments test,

the dominant ability would appear to be the recall

and evaluation of uses for the.objects specified. In
none of these tests was there a provision for measurlng
the otrategles of problem soluLlon, or provision for
multiple solutions, asking relevant questions about
“the problem, clarifying the goal, or defining the-

prdblem. Thus, the tests employed by Merrifield et. al.

(1962) did not include measures fop many possible facets
%
of efficient problem solving.

Werdelin (1366) reported two factor analyses in

g which the criteria were problem-solving tests in

i E - mathematics. In one study 36 human ability tests were
administered to a group of boys, and iQ the second study
29 tests were giveh to similar saﬁples. There were 18
- tests in common in the two studies. TFactor analysis

resulted in 5 common factors for the human abilities.
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They were general reasoning, deductive reasoning,

verbal comprchension, space and nurerical factors. The
pProblem-solving critepia locaded most heavily on the

general reasoning factor. Afain, however, the con-

i

v

eralizability of the facteors was limitad by the specific

f—"

hature of the criterion test

A third factor analytic study, carried out by

5
Bunderson (1967), useg probler-solving oriteria of
'concept learning tasks. The primary burpose of the

study was to determine the relative lmportance of a

-

number of human abilities a+ several zes of concept

S:u
2]

3
learning. A total of 39 tests representing 10 factors
and 26 concept problems wers administered to a Sample

oX 145 Princeton under

F‘.‘
:]'l

sra

tes For complex positive

and negative rroblems, +the concent problems were

divided inte € sequential blocks of 3 problems ecach and

three measure

£

ar

m

derivad. The reraining eight
problems (double negative) were divided into 4 sequential
blocks of 2 Droble.s cach. Extension loadings of the
concept measures on the ten factors werpe caleculated
using a differ ial performance function, for each of
the blocks.

Bunderson feportéd that factors of Chunking Memory,
Perceptual Speed, and Spatial Scanning. were important
in the initial attempts at solvihg‘the problems. The

factors of Verbal dnd General Reasoning, Induction,
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and Flexibiliity came to play a more important function
as S5 improved in solving concept problems. And finally

. . . »
the factors of Memory Span, Associative Kemory, and

Spatial Scanning became mos*t important in the latter

| stages of the concept problems, presumably when
strategies for solution had been learned, recall

became the principle means of solution. Again, howesver,

generalizability of th

-

D

results to other problenm~
solving tasks is limited by the specificity of the.
criteria. |

These three studies comprise the significant

literature in the factor anaiytic studies of problem

. solving. However, two other studies have used &
correlational approach to +the investigation of what
‘human abilities are important to problem solving.
Harootunian and Tate (1960) report a study in which they
attemd>t te relate 2 composite problem-solving criterion
to a number of human ability factors through regreséion
analysis. The factors included Problem Recognition,
Word Fluency, Ideationzl Fluency, Closure, and Judgement.
These were represented by a total of 14 tests. The
problem-solving criterion consisted of a linear
corposite of verbai-and apstract reasoning scores from

®

the Differential Aptitude Test, the Davis-~Eells Games,

3 and a specially constructed test ‘entitled Thought

Froblems. The battery of tests was administered to a

| LRIC | 32
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group 632 seventh and eighth grade students. Factor
scores were additive composites of their representative
tests. Correlations of the factors with the problem

» o]

solving criterion were respectively .624, L1817, .290,

398, and .707. In the light of the nature of the

@€
oOn

criterion, these coﬁgglations are not surprising.
There is a high degree of similarity between the tests
representing Problem Recognition and Judgement and the ?
three tests making up the criterion. Thus, this study
does not provide nmuch informétion concerning the important
factors in problem selving, *hough it does make an
attempt té use more a comprehensive measure of problem
sclving.

The second correlatiochal study was by Stewvenson,
Hale, Klein, and Miller (1968). In this study <the
autliors investigated the relationships between a number
of learning measures and several problem~solving tasks.
The learniné measures consisted of 12 tasks, two paired

associate tasks, three discrimination tasks, a

vprobability learning‘task, an incidental learning_task,

and a verbal memory task.  The problem~-solving criteria
were two concept of probability learning tasks, a
conservation of volume task, and an anagram task.

These tasks were administered to a group of bright,

average, and dull seventh graders.
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Zata Tha* there werec a number

sexes, wever, the corr-

erory- as reflected in
important to performance
iusion is

This conc rein-

importance of verbal memory in the

The authors conclude

<
.

ion of significant
learning and problem-
‘the common denendence

tasks upon Ss

abWIWty to acquire new information and to apply

this information on subse
the solution of new probl

There 1is considerable diff

U)

conclusions from thcoe studie

abilities important to problem

reason for +t,is L3 the lack of
problem-solving criteria used

. .
said 1s

The most that can be
and rmemory abilities
In order to establis?
to problem solving,

and representative measurcs of

are operational definitions of

earlier in this paper.

that

sh firmly w

guent trials and in -
ems." (p. 47)

iculty in drawing any
with respect to human

-solving. The primary

similarity among the

in the different studies.

some verbal reasoning

aprear consistently across studies.

hat abilities are impo¥rtant

ary to have comprehensive
human, problem-solving which
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Characteristics of Ideal Problem Solving Tests —

Cronbach (1955) was concerned with the testing

-

situation which would elicit the maximum response.
Thve,he proposed that problems must be reaningful

to the subject, must not degererate into exercises

which make no demands on the higher mental processes,

3

and that the problem setting should be considered

carefully to remove distracting factors., Ray (18:55)
Suggested two additional requireﬁents for problem-
solving tests; that they shculd have a scoring continuum
rather than a simple pass~fail. scor2¢’ and that they
should provide the test administrator with the maximum
amount of knowledge about what thre subject is doing.
John (1957) put forth a number of criteria for problem-
solvingktestﬁ in accordance with his dictdﬁ that the
problem-solving process should be accessible for direct

observation. He proposed that. such tests should (1)

start the subiect with a standard minimum of information
~about ‘a problem and then require him to structure his

own presolution behavior with a minimum of externally

imposed constraintsy (2) be maximally free of special .-

skills, special knowledge, or experiences peculiar to a
given culture; (3) be constructed so that the effect
of familiarity with the generic tasks is minimal in

order to facilitate the construction of equivalent formss

35
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and (&) have a format which presents fthe subjcct with the necessity
b to interact with real events rather than abstract.

Thesc criteria have been principally concerned with

s !

problem s@lving in a laboratory setting. Keisler (1969)

¥ .
+ook a different point of vicw, in that he was interosted in

tests qgable in the classroom. His criferia are summar i zed

in the follawing |l pointfs:
. Thc population of problems sampled by the test

] ;o - = should be appropriately defined.

? e 2. The population of problems should be an important
i one.

3. The test should not be inadvertently confounded
with assessment of prerequistie learnings.

s
!

4, The conditions under which the test is given mus+
be clearly specified.

5. The test should indicatc how wcll +hé child was

; following the appropriate procedure leading to
the solution.

6. lnéreasing number of cues should be used to
find out how much assistance the learner requires.

7. On some occasions the student should be required

to provide an oral or written account of his own

covert procedures, assuming such self-report

Q 36
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does not interfere with the prollem-solving

nroltess.

5]

[

Jdality of nrollew jolving can e issessed
thrcupn the records of proceduras gnd o solutions,
brollem setting, a¢ disiin:: Trom:proiiem
sclvine, ssovla aiosn e aslelscd under étandardf
ized conditions.

e mffioto of affcctine aboLiade change stould
ais¢ e monsilerso,

At a practlical level, a tesv of problem solving
should De amenalle 1o graoup wresentation if.at

all pezsilie,

Covington (in press) reflected tiese concerns oy

cencluding that tecunicues are needed which reflect,

as fully
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cognitive styles of tne ¢reetive person, Lu- wnich, at the

1]

same =ime, permit a reasonable degree of standardization

and the

o2 of objective scoring procedures.

In terms of concerete criteria for problem-solving

tests

to be

-
<

ali

.

.iasks selecteu for problem-solving tests should

-

of the voints made by the abdv> writers appear

summarized in *tne fdllowing:

8

' s

o
0]

complex, L.e., rhey shoulu not be merely sisple

exercises, vut rathier preoblems in wiich

37
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- tnere are a large nurbar of steps from er
. initial state tc = final state, or & rea%onebly
large number of attribuies.
2. Performonce on the “est cheuld be mininmatlv
reiated Lo pre'Lé,s iearning which could
F' ¢ifferentiate individuals at the time o +he
é test. .
; ¢. The probleme should commerd the attention and
E Interest of the sudjcet so as to insure an
| adequate level of motivation for optimum
‘ performance.
| e The tect should rield a veriety of continucus
| measures concernxng the outcomes of preblem
| solving, the procsesses, and *he intellectual
skills irvolved.
Z 3. The test chould contain a minimum ntmber of

constraints on thr *types of problem=-solving

behavior the individval may engeszge in. ‘
6. The test shcuid demonstrate both reliability
ancd valicity. .
7. The tezt should ke practical for group
administration. ) '
“roeblem Solving Testz é
A number of tests hava been developed to measure ) “?

proolem

solvirg in general or in soecific areas, but i+ ' i

-~

5
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.3 cebatable whether or nct any mee” +the above cri+ teria

£ - e - >4 3
Yor an ideal test. Feldhusen et. al., (1971) report

'..]

he

(’)

-

N2rlamtine s o+ - T 7D
puzz_.e-insigrnt zroslams, (Z2) process problems,

a0y . Yoo 3 S .
(3> comporen*t “asks, and ) real-1ife, relevant tasks.

gations of osroblerm solvincg. Perhaps the most famous of
th2se are Meler's Two-Stritg and Hatrack (13:5) problems,

vt fon . - e .
Duncker's (1948) box prodlem, Luchin's (1842) Water Jar

1

yze Lncludes switchlight pwoblems (John, 1957; TiLler,

» ~anske, and Train, 1562),

the verbal mzze problems of Hayes [1365), simul

-~ e

[y]

ted
relem situatiens, (Glaser, Damrin, and Cardner.
125%; Riroldi, 1960; Mcluire and Rrabbott, 12€7; Streuf

Kliger, Cas%tore, and DPriver, 1967; Nattress, 1871),

-~

a

3

=

coneent identification {Bruner, Geodnow and Austin,

»

W
o
o

Aruitoxt provided by Eic:
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rand, § Ddominowski, 1%71). ‘he

{t

Clark, 1871 Beourns, .
common element to each of these tasks is a structure
where there are a num2er of discrate dezcision points
where an individual's chelces can be recorded. The

<=3, - Cn g g s
thrcugaout

retult is 2 recori of al

bt
i
0
[
o

L3
{7
)
1
©“
[aN
¥
3
e
[0}
X
O
&
3]

the courge of the problem vwhnich can be studied and pre-

eztavlish the Structure ¢f Intzllect model of intzlligence,

Purcdue Zlementary Frobler %olvins Iaventorwv {(Teldhusen

s carried out by the efficient emnloyment of z wide

<ills. Consequently, each




meet all of the criteria for an ideal oro>lem-solving

fthe

The fourth tvpe of problem soilving *est ccnsists
of *those tests which place great emphasis on problen
‘situations which vepresent "peal-life" situatiorz

-

and ere relevant *o the concerns of the student. - Tests

L0

of *his typs are lruichiicld and Cavington's (128645)

Jewel, Miles (1968) Creative Design Test, and Treffingen's

0 e e

R
(1272) Solving Problems #2. These are tests similar to

the component type in tha* the measures ave the same

put they place greater emphasisz on motivating Ss te

M

perfcrm as well as possible by solving relevant problems.

-

tvaluation of Problem Soiving Teasts

The instruments from these founr categories of

problem-golving meaasures, however, ¢o not necesserily

0 . ~

since the tasks are fairly simpie in nature, having only
a few components te work with. The other three types co

me2t this criterion in that for any of these problens

0

the structure may be as complex as desired. As an

example consider the med diagnosis simulaticn. Vhen

-
~ L

}_J
’ E

}l

]

(V3]

1s first givan the prodlem he has a number of choices

as 1o action ard contingent upon *this choice is additional

information and other» choices whienr lead through =2
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large network of decisions to a final diagnosis and

treatment.

The second criterion, that of effect of previous
learning, is particuylerly important to +those type
Tests which are hizhly task specifi
of the puzzle-insight problems have a relatively simple
if unusual solution or strategy Fo“ aOlUthﬂ wihich i
e2sily remembered énce it has bezn encountered. Thus
for thnse nzople who have encountered the task.before it

mecerm2c a test of memory rather than a test of problem

tvation resembl tco closely past experience, memory
becomes the dorinant influcnce vather than Tore compiex,

anc perhaps more important, skills. Those tasks which

exPerience commor. to all Ss, such as concept idéntification,
verbal mazes, sore of Guiiford's tests, or the TTCT,
should be more able to tap skills other than memory.
Unfortunately, those same tests which are the ieasf
affected by past exverience are those most likely fail
the third critericn, an adeguate level of motivation.
22 prime purpose of this criterion is *o insure a
generally uniform level of motivation to undertake the
problem task. When the task cannot be related to paét

experience, Sther types of motivating forces, such as




oS
[h]

intellectual curioszity social preassure, 2r experimenter
X - -

pressure nmust be relied upon to produce the motivating

-

Hh

orce, TYet these vary greatly frem person to person

metivation is produced znd there is consequantly a
sguriously increasad rangz of performance on the task.

P

in terms of suscevtibility 50 that a much larger range of
Thus these tests which are lecast likely to hold tre
such as the rmatchstick problems,
corcept identification probdlems, or the TTCT are most
likely to fail to meet this criterion, while the nedical

geme simulation, the PEPSI, and

The Gid Black liouse are more likely fco capture +the

interest of the student an< fhus rrovide more uniform
levels of motivaticn.

The fourth criterion, which is concerned with +*he
neagures provided by the test, is particular to the
puzzle-insight problems. In order for a problem-

T

solving test to bde of maxirum utility, it must vield a
maximum amount of ingorma%ion adout the problem-solving
behavior of the student. The puzzle-insight oproblems
.have been primarily ccrncerned with time to solution

nunmber of mistakes or inapproosriate solutions, ard

nunzer of hints necessary for solution. These are

strictly end-pdroduct measures and provide little
information ebout the procccses or skills involved in

roblem solving. The process nroblems suppley a Iragt
<& * s Pe=J >
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deal more information, due to the fact that +the S
is followed through the problem by the decisions
he makees at each point. Thus in addition to the end-

procuct measuves, Informa*ion is also available on the

tiie s2quence of typesof dscisions. The cohponent and
rovide a different kind of
information. Again these arc end product measures,

but these have to do with the prdficiency of the

individual in the individual skills which theoretically
facilitate problem solvinz behavior. Thus it wourld

apnéar that the process *tasks &ield the greatest

émount of information about actual problem-solving behavior
and consequently bast satisfy_the fourth criterion.

*

Constraints, the sub

R
0

t of the fifth criterion,

ih

are evident in all of the tasks cited above. “he only

b

ssua is which one derons“rates *the least number of

constraints, since it is obvious +ha* some constrain<ts

the solution itself. The component problems generally
suffer from the same difficulty due to the highly
specific nature of the tasks. Perhaps the process

problems again best satisfy this criterion since they
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providé a number cf possible paths to solution, though

the nultiple solution component p:oblems such as the

TTCT also have a low number of constraints on the solution.
“he reliability and validity of rroblem-solving

tests, the sixth criterion, has not been a subject for

intense investigation. In most research in problem

[

.

sclving, the task has been the object of investigation
rather than the task as a manifestation of a larger
and more generalized set of behaviors. In such cases

reliability was unimportant since +the individual only

{

perfermed the task once, and validity was irrelevant
since generalizatien to other types of problems was

not attempted. However, some validity evidence does

L]

xizt. Mendelson, Griswoid and Anderson (1965)#reported

ct

hat performance on anagrams was related *0 a measure

5]

. . : U . . N,
of intelligence. A CgﬂSl Tent positive relationship

]

between intelligence and concept identification er-

vy’

formance has been demonstrated (Hoffman, 18553 Osler
and Fivel, lgsl;/Deﬁny, 12663 Whitman, 196€; Bunderson,
18€7). The vélidity of the TTCT has been inQestigated
anc found acceptable in a number of studies (Torrance,
1¢66b). But, for'thé majoerity of existing problem
solving tasks, the criterion is not satisfied.

The final cfiterion, practicality for classroom

administration, is satisfied oy few of the existing

measures. Most of the puzzlie-insight problems are
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*nd1v1due*lv administerec as are *he verbal nmazas

- —s.'),

switchlight problems, and concept identification tasks.

13

"~y

b

he Matchstick problems (Katona, 19uQ), anagrams, simulated
prolem situntions and all of the component and Yreal-~
life” problems exist in a Form for group administration.
However scoring is offen a difficulty with these tests,

since responses to such tests as the TT T, and the

)
3
4]
5
~t
j~e
<
¢]
o
D
19
=
o
o)
3

iest, must be rated by 3judges in order

to derive numerical scores. Thus it would appear that
mos% of the tests are beset with oreblems in relation
to practical concerns.

In choosing a representative set of tests of problem=-
so.ving behavior according to “he s+ated criterie, it
woulc appear that those measures “n +he process category
are best qualified as ideal problem~sclving tests.

» they should yiesld “he maximum amount of ine-
formaticn about the problen- -solving process and reflact
the utilization of a sizeéble number of humen abilities
and sxills. The component protlems, while they appear
to qualify by most of fhe criteria, are not useable
Gue te the fact fhatAthQQ are based on pre-existing
theories concerniﬁg the skilis involwved in problem-
solving behavicr.

Yet as stated z2bove, the tests in the process
catzrory ars far from perfect. A number of imprevemen*s

need to be made before they would come oclose to meeting

46




the criteria for an ideal *“est.

The verbal maze problems.

leed a higher level of motivation, evidence for

reliability and validity of the measures vielded, and a
o v . N . & . . .
orr. which is amenable to & large sroup testing situation.

r

Tne simulated problem situations atisfv n

[0)]

T mnost o

EN

the
criteria except that they need to be constructed so as

to rely less on past experience, and b

£ supportecd by

more evidence for +heir reliability and validity. The

cencent identification tasks need % higher level of

motivation, and a form which is useable in classroom

testing. Finally all of the tests are restricted to single

solution problemrs while for purposes of complexity and

verisimilitude multiple solution problems would he

aporopriate. -

“hus It would appezr that a set of tests which would

provide the most representative sample of prcblem 50lving

behavior are tye process provlems, specifically mod-

ifications of the wverbal mazes, the simulated problem

situations, and the concept identification tasks.
b -

Sumnrary.
Problem-solving has been defined as the process

by which the problem solver stapts from an initial

State and proceeds to a goal, where the specific means

by which this is accomplished are not initially known

to the problem sclver. The models of problem solving
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which were dis ussed, hypothesized that a number of

d

}ie

fferent processes and human abilities were involved
in problem solving, i.e. it is a4 complex cognitive skill.

The empirical s*tudies of human problem-solving abilities

=)

have revealed that this hypothetical assertion has some | ;;
basis in reality. Finally a number of criteria.for a

suificient operationel definition of problem solving

were discussed, and it was concluded that tests which

are concerned with processes in prodlem situations met

. Tost of these criteria.

Problem Statement

The purpose of this study is %o establish a set
of human abilities which are related to efficient
human »roblem solving. Specifically, this study will
build upon the results of Merrifield, et al. ¢1262)
by .attempting *o relate a number of human abilities as
specified by the SI-mo%el of Guilford (1967) to a set

v

of problem-solving measures which meet the criteria for
P g ,

PR e—

an ideal problem-solving test. These SI tests will

be concerned with 211 the operations applied to semantic

content that result in products identified as relations,
transformations, and implications, through whiech in

certain cases may include units, classes and systems.

The only content dealt with is semantic since the tests é
must necessarily present problem situations through

verbal statements and responses must be made in the same

48
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. q
ares in2liuwd

[§]

¢ since it is possible

to reasonarly icentify actions *aken in

more important to complex problem situations. Though,

N

these tests are specified by the SI nedel, they include.
teste representative of almost all factors important

to rroblem-solving as cited in the review of empivical

3
it
e}
]

i
v

2lly, the populatien of interest will be fifth

rrade public school students. Children at the age
<

level assceiated with this zrade have generally mature
cognitive sxills. They are adle to deal with verkal

matericl with reasonable ease (McCandless, 1967) and

probadly Sack the background of experience in solving

prodblems which might obscumre the workines of pronlem-~
- < -

solving stirategiss. Thus problem~-solving tests for this
2g2 level should yield a velid sample of problem

solving behavior.

t -

in order to fulfill the purpeses of this study

the following specific obiectives have been formulated:

1. - To adapt the verbal maze, the simulated

prebiem situation, and concept identification

t

acks with both single and multiple solutions

ERIC ‘ : 49
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to group administration wiﬁh elementary

school students.

From the test results gathered on a set of ST
tests and the problem-solving criteria, to
detebmine the simple reiationship between each
of the abilities znd the measures from the
criteria.

To determine a structure underlying performance
on the ability measures and the criteria.

To determine the prediéfability of performance

on the criteria from knowledge of the abilities

50
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METHODOLOGY

In this chapter the development of “he eriterion

[

instruments will be described in terms of the samples
used, the developmental procecdures followad, the
content of the instruments, the scoring procedures, and
the collection of reliability data. Then the primary
study will be described in terms of the sample employed,

the instruments used, and the analyses carried out on the

collected data.

Criterion development

Samples.

.Two different samples were required. The firs+*
sample consisted of apprbximately 30 fifth grade
students from a rural Indiana elementary school.

This sample was employed in the preliminary testing of
the criterion instruments. The second sample consisted
of 140 fifth grade students from fwo upper middle-

class elementary schools. These students comprised six

classes, three in each school. This sample was use

for determining the test-retest and alternate forms

reliability of the criterion instruments. Two classes,
cne from each school, were used in collecting data for

each of the three types of instruments.
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Instrument development.

Simulated problem situations. The simulated

problem situations were based on the work done by
NeGuire and others (McGuire and Babbott, 1967) at the

) Center for Educational Development, .University of Illinois

Y

A College of ¢

}.ln

edicine

-

n Chicago. The prototype of this

& instrument was originally used to measure physician's B

competencies in patient management situations. The

‘rationale for use of this *type of instrument was that
it provided problem situaticns which could be relevant B
to the concerns of the population of interest and at
the same time yield a number of measures of the problem-
solving process.

Four forms of the simulated problem situation

were developed: a multiple solution problem, a si~gle

-

solution problem, and an alternate form for each. The

-

roblem situations chosen were as follows:
proi

«

i 1. The: New Bike ~ multiple solution problem.

In this problem the S is presented with a ' :

situation where he desires to purchase a o i
bicycle he has seen in a store window. A
numbér of ways of obtaining the money are
made available to the S, and he must choose

. . L
among these in such a way as to earn the

-
RSy

necessary amnount of money in a minimum amount '

of time.




\,
gt]

ree JTce Crezm - multiple solution problem,

al+ernate form. In this form, the S is
presented with a situation where the local
ice-cream store ic offering a prize of al
year's worth of Iree ice-cream in an ecology
drive to clean up the town. In order to win
the prize, the S must earn a given numper of
points, points are earned by planting trees,
recycling a variety of materials, or picking

up trash in public places. Again a time limit

l"'

3 set.-

3. The State Fair - single solution problem.
& r

In this form the préblem si*+uation is cne where
<« the S wants to go to “he State Fair with
friends, but mus*t find *he pbice of admission.
The money is somewhere in the 3's houée, but
the location is not krown. The S.must'search
through.the house in order to find the roney

which is hidden, taped to the bottom of

dresser drawer in the S's bedroom.

n., The Missing Friend - single solution problem,

f alternate form. In *his form the problem
situation is one where the S is supposed to take
’ B . a friend to a club meeting after school so that

the friend may join *he ciub. However, *he friend

{5 not at scheool inr the afternoon. The S must

. ERIC 59
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find the friend and take him to the meeting

before the club adjourns for the afternoon.

After choosing the problem situations, a problem .
_map was created for each problem. Figure 6 details

the problem map for The State Fair. The purpose of the

p{oblem map is to specify all the steps the S may take
in-solving the problem,and the order that they may be
taken. The problem map involves three different
symbols. Squares‘denote informatioq provided to the S.
The hexagons denote a decision that the S must make.
The triangles represent points in the problem where the
S may quit or where a solution has been found. Arrows
indicate .the direction of movement through the problem

nmap. N

To indicate how this works, refer once again to
Figure 6. The box entitled Start specifies that the
S is given the statement of the problem; the S is told
that he must find the monéy in ordér“fo'go to the |
State Fair.. Then the 3 proceeds to a decision point
where he must decide tc do one of three things: (a)
look in tﬁe héll closet,-(b) think of possible places
the money might be, or (c) ask motﬁer for the money.

The first and third choice give the S additional

information and direct him back to the decision point,

with the instruction to make another choice. The S
T, ,
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START |
i '
. AN
| - [ ) 1
l ' Look in|, 4 f J o Ask
e : nall | BR ‘mother
i : closot 2
Section B
Think
of
places
———-—~—-3  Section E 1
The 2 >3 The mr )1 Search
Base= [ BR M liring- living-
ment room roon
Sect A Go to
Look in bode
bed- roon
roon
Section G
Look
under
. Ettres:
Sectiony F
Think
of
: rlaces -
v - Saeetion D
4 The ) . The
enest —=a BR 3pillow
of
Hrawvers \—/
| ook S
Look inside BR
under drawers :
Hrawers| . .

Figure 6. Problem map for The State Fair,
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proceeds in similar way through other information boxes
and decision points until he reaches an exit box. It

should be noted that in the cases of The New Bike, and

Free Ice Cream that information boxes also sometimes direct

the § to the fact that he has earned a certain amount

of money or points, and that it has taken him a given
number of days. It should be noted that the path taken
by different S's will depend on the choices he makes, and
may differ from S to S.

The next step in the instrument development process
was' to put the problem map into a format suitable for
classroom administration. For this purpose, the problem
map was divided into sections containing a decision
" point and one or several information boxes. These
sections became pagesvin a test booklet. Figure 7
is a reproduction of the first sectioh from The State
Fair. The initial paragrapp gives the pertinent
information for that section. After reading this, the
S must make a decision based on this information plus any
otﬁer information.he may have collected. Decisions are
made by choosing one of the alternatives listed at the
bottom of the page. The box beside each alternative then
gives the S feedback directions on which section to go to
next, how much money or points he may have earned and’
days he may have spent by choosing the alternative, or it

tells him that he is finished with the problem.




.
e ;l

;

Figure 7. Sample section of The State Fair simulated problem.
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Let's pretend that

hidden a $5 bili.

State Fair starts today.

THZ STATE FAIR

L3

special. Now something spacial has come along - the

and other fun things to do. Your Srien

planning to-go to
the money so tha=

enjoy the rides. There

cannot remember where you hid the money .

it is somewhere in +he house put you don't know exactly

—

.
-

where it is. Which of these things would you do first

in order to get the money to go to the fair?

somewhere in your house you
You have been saving it for something
There will be lots of rices

ds are all

the fair this afternoon. You need
You can get in with vour friends and
is only one problem - you

You are sure

Look in the hall closet 1. There is nothing in the

because closets are good hall closet but coats, .
bplaces to hide things. . Make another choice.
Sit down and think of . 2. Go to Section E.

some of the places you
might have hidden the

money.

Ask your mother for the 3. Your mother will not give

$5 since she qust got paid you the money since it
two days ago. ' must be used to buy
food.

choice
Figure 7

58
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A special process was employed to provide the
informative feedback given in the boxes next to each

alternative. In order to prevent the S from reading

(a8

all the informative feedbeok nd then choosing the most
bl &2

o]

reasonable alternative, ail information in the feedback

o

oxes in each section was orinted invisibly on the page.

This was accomplished through the use of thé Latent

- Image DProcess system manufactured by the A. B. Dick
y i

Company. In this method normal DITTO Masters are

prepared with the visible printing, and then the
printing intended to be invisible is Placed on the master

using regular master and a special imprinting sheet,

the Latent Image Master. When *he resultant master is
run on a duplicatiﬁg machine, the printing which is
intended to be invisible is imprinted into the page,
without becoming visible. A special pen, called the

Latent Image Developer Pen, is used to bring out the

invisidble printing. The pen is rubbed over the area

vhere the printing is iocated and the printing becomes

visible against a~light yellOW’bagkground. Since the

S develops only those feedback boxes corresponding to

the actual decisions he maxes, a trace of the decisions

which the S makeswhile solving the problem is preserved.
“he next step in the developmental process involved

trying out the eliminary version of the instruments on

pre
3
a sma.l group of fifth graders. Feedback was collected

59
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on a variety of *opics such as readadbility, clarity of
directions, necessary time limits, workability. of the

Latent Image materials, the amount of assistance needed

by the Ss. The feedback information gathered from the

session was used to revise the instrument.

;.J

]

he most significant revision was the creation of a
sample of the instrument *o acquaint the Ss with the

workings of the Latent Image process and how to follow

directions given in the instrumen*. This tryout and

. revision process was carried out twice more after this

first trial, before *he instrument was judged ready
for reliability testing.

In order to score the simulated probleﬁ’instruments,
the order of,dgveloped responses as they appeared in
the test booklet was transferred to a mafk sense
scoring sheet. These score sheets wepe read, and punched
cards were.produced which contained an ID and a number
of punched columns corresponding to the possible
number‘of choices for that particular form. Thus for

The State Fair there were 30 columns since the problem

has 30 possible choices. Zach column contained a 1 if-
the corresponding feedback bex was deQeloped and a 0
otherwise. These cards wers submitted to a computerized
scoring progrém whizh calculated a number of different

measures depepding on the particular form of the test.




o
—

For the two multiple solution instruments, The
. v s -~diE

&

Hew 3ike and Iree Ice Cream, the scoring program calculated

nine measures. The first two variables dealt with the

3

type of finish; the first indicatad whether the S quit,
stopped or suceessfully solved the probléﬁ; the =second
indicated whether or not the S had met the goﬁditions of
a succéssful solution. The third variable was the number
of cdellars or points ecarned. The fourth variable
indicated the number of days the £ used in earning

tne points or money. The £ifth variable was a strategy
measure. This was calculated by comparing the decisions
made by the S with those neceésary for a sure logical
soiution to the prcblem. The number of decisions in
common divided by the total nimber of decisions in the
sure logical‘solution times 100 became the strategy
meastre. The gixth measure served as an indication of
the amount of infosmation used by the S. The measure is
also a rati6 of the 5'as decisions to seek information to
the total number of possible information seeking decisions,
mulfiplied by.loo. The seventh caléulated measure indi-
cated. the number of d;gisions the S made which were
inconsistent with the infofmation the S possessed or

direction, he was iven. The score was the total number
s g

}J-

of inconsistent decisions the 3 made while workxing on the

[24)

problems. The finel measure derived from the ins+rument

was an indicator of the total nunber of decisions the §

61
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In order to adant this type of task for use in
elementary school c.assrooms, it was necessary to
develop a group edministered mode. The objective was
to develop four “orms in this node: a single soluticon
roblen, a ruitizle, colution Problen  and an alternate
ferm of each. In orfer fo design these forms, it was
necessary to develop the linkages between names which
could again be porirayed a5 problem maps. The maps for
the four problen ere given in Figure 8, The nodes in

s,
LARg

g

ALS represent the ssies who are linked by the
interconnecting lines.

After the maps were spe2ified, common English firs
nlames were assigred to each of the nodes. These names

were then formed into pairs sased on the linkages given

o

in “he maops. Test bookletz were then constructed with
example, a single solution problem and a imultiple

solution problemr included. The format of each problem
consisted of a brief introductony paragraph giving the
nane of the Spy sending the message and the name of the

SPY wic was to recesive it. Then followed a list of sp

S

‘name pairs which corpletely described *he problem map.

The rest o7 +he page consisted of lines of connected
boxes. Figure ¢ is an exarple of such a page. The §

was tolcd to use each line to ettenpt to find a soluticn

path by writinz conneetad 8Py names in successive boxes

)

H
[wd
0
ct
(1]
[}
ek
O

If the S came upon a dead-end, he was ins+t

Aruitoxt provided by Eic: .
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i

restart on

write down

a new line.

Finally 3s were instructed to

the clock time when they had found a solution.

1. Single solution VYerbal Maze problem map.
Ted dwient
? 7
i . T'reda Seth Karen
e ! J -
N o ) ) 7
Connie vean ]
& é
Judy Sarah
2. Multiple soluticn Yerbal Maze proklem map.
Ted
?
by
Yo AN =~
] Nean I .’*L‘:
Connie ‘ !
) & ;
Ben Dwight cudy Carah
3. Single solution Yerbal Maze problem map - alternate
form.
MNed Shirley sick
P ¥
1<on ' !Ann IFred
[ia) 4] é
Al Beth Debby
%. Multiple solution Verdal Maze problem map - alternate
form..
£ Dick
¢ 8
: [
Ned AgRon Ann Shirley Gery | Free Lebby
o : C - £ < B
4
/
Beth
Figure 8. Problem maps for the Versal Maze problems,




With some groups of spies,

way to pass the message tihrough the ring. Below 1is a
ue

1list of spy-name pairs that contains more than one path.

Using the same directions =8 before, try to find as many

there may be more than one

raths as you can f-p *he messapge to travel from Judy to
o= - ..
Ted. .
L0 w= Trmeda
Dzan -« 2an
; Cudy ==~ Sarah
: Freda -« ezn
a dwight -- Den
Dzan -- Zonnie .
Jarah -« Seth
Freda ~- Dwight
en

—

I
:

f - S S e W s T
E —_‘L ! i b ! P
[ " ™ o { T
; i { Lo i _— I l
| i : S SR BN e B
: - ] L ! ! . L
e S — —
- . ! |
f L
i1 ' o .““- o
P s f ]
- } 1 { i ] J

; Figure 9, Example of a erbal Maze probien.
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The first developed forms of these instruments were
administered to the tryout sample. Information was

collected with respect to clarity of directions, ease

of utiility of the preblem format, and time requirements
for completion of the task. The forms were revised twice

~

-

with intervening trvouts, refore the.instrumént was
judged ready for reliability testing. |

The verbal maze Znstrument yielded three‘measures
for the combined single and multiple solution problems.

The first of thesge measures was *t

=)

he total number of trials
used in finding al} solutions. The second measure was
the total time taken to find all snlutions. The third

and firnal measure was the total number of solutiors found

in both the single and multiple solution problens.

Conce?t Iderntification Problers. The primary objective
in the develoPmént of concept identification tasks was
to construct a suitable format for group administration
of concept identification tasks. First, however, the
concepts had to be defined. In parallel with the other
developmental efforts, four target concepts were Identified.
Exemplars consisted of single abstract geometric Forms with
four bi-valued dimensions.;‘The dimensions were: (1)
Large - Smalil, (2) Square - Zircle, (3) Two holes - Four
holes, (L) White - Crosshatchad. Two dimensions were

relevant and twe were irrelevant. "he four target concepts

v

consisted of two conjunetive concents and two exclusive

G6
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disiunctive tonee>ts. The ceonjunctive concepts were
LURSs (Two hole, Squares) and FLIXes (Four Hole Circles).
The disjunctive ctoncepts were DROOGs (Crosshateched or
Seuare but not bhoth) and RILGs (White op dcuare but not
poth). |

The presentation mode was moceled after the selection
paradign (Boﬁrne, et al., 1371). Thus al permutations
of the exemnlars werc presented simultangpusly on one
page. Tigure 10 details +the form of each exemplar.

The letter identifies the particular exempliar.

!

i

g

— Yee]THIS I3 10T A FLI> ]
Q0 | !
1 ! i ;

Ne [EHTS L NQT A TLI i

a3 ]
e

gure 10. Typical exemplaer for the concept
' identification task.

Feeckack was proviced to the' § by means of the boxes
following the YES and NO.  For each exemplar +he ¢
had to decide whether it was or was not an example of

the target cocnept. If it was, tie § chose the YES

DOX, otherwise the NO box. The feedback was provided in

Latent Image fornm and the 5 indicated his decision by

coloring in one box op the other with the Latent Image

Jdevelioner Pen. " The revealed orinting told the S whether
¥ £

iy =

67
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or not the exemplier was or was not and example of the

target concept. For each problem, one positive exemplar
’ |

was chosen as a focus. In order to record the sequence

of exemplawrs the- 3 consideread, he uas rzguired to writ

(1]

the identifying letters across the top of the page in *he
order he looked at the exemplars. Ss were required to

respond to all 16 exemplars. All four forms are presented
. L

He

n the Append:ix.

The four forms were developed and.administered to
tre tryout group. TFeedback was collected on the clarity
of the directions, the difficuity of the problems, and
usability of the problem formét. It was found that the
directions were quite difficult to understand, and’ so
sample problems were constructed +o explain each problem
and familiarize tle Ss with the format. This revised
form'was tried out twice more and revised before it was
judged ready for the reliability testing.

| The concept identification tasks yielded four
measures. In.order to obtain these measures, the sequences
of exemplars as they were considered by S and the decisions
made were transferred to punched cards. These cards were
submitted to a comnuterized gcoring pfogram which calculated
three of these measures. The fips® measure was the number
of errors in exemplar identification made by the S. The
next two measures were based on the scoring procedures

detailed in Laughlin and Jordan (1967) and were measures

~ | G8




Summary of the types of

of the focusing and gcanning behavior of the 3. 1In

orcer +o calculate thesge neasures it was necessary to

assume that the number of errors was equivalent to the

numt2r of exemnlars veed by € to identify the tarpget

concept. The final measure vas ths tot 3

the & took to work his way through the 16 exenplars

Reliability Study.

Procedures. Two types of reiiability measures
-2tedures

were obtained for each of the taree types of problen-
sclving ecriteria. These were immediate alternate forms
reliability and +wo WeeK test-petest reliability. Table

1 summarizes the types of reiliability information

obtained for each form.

hac

reliability information .
oblem solving criterion. .

e

obtained for each pr

Test-retest Alternate Forms

(¢
(W]

-

2

3

Y. The Miszine Friend

imulated problem situations

. The New Bike Yes Yes
- Iree Ice Cream Yes
. The State rainr Yesz

(=]




Table 1 (continuec)

Test-retest - AlternateAFofms
Verbal Maze Protiems
5. BGingle soluticn 1 Yes | Yes
5. Multiple solutions 1 Yes . Yes
7; Cingle solution #2 _ Yes
8. Multiple Solutions #2 : Yes

Concept Identification Tasks

3. Conjunctive LURBs Yes Yes
10. Disjunctive DROOGs Yes _ Yes
11. Conjunctive FLIXes - ' ﬁ Yes
12. Disjunctive RILGs | Yes

In the first testing =session, two classes (one

from each of the sample schools) received The New Bike

and Free Ice Cream problems, two classes received the
single and nultiple solutions verbal Maze problems
#1 and #2 and two classes received all four concept

identification tasks. Due to procedural difficulties,

The State Fair and The Missing Friend were not adnlnlqtered.

For each type of problem-solving criterion, the test
adminZstrator first introduced the problem tasks. Then
a short example of each task was worked out with the
class as a whole, to make sure that Ss understocc the

nature of the task nd the mechanics of the testing

e |
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situation. £s were instructed to write down the clock
%ime after they had solved each problem. Testing
sessions were limited to a period of 60 minutes.

In the second testing session the test-retest
data was collected. The First two classes again received

Zhe iew Bike plus *wo other problemr solving tasks.

The second two cliasses again received the concept
identification tasks with targets conjunctive concept
LURE 2nd disjunctive concept DROOG, plus two other
problem sciving tasks. 1In the third set of two classes,
cne of the classes again received thevVerbal Maze
probiem single and multiple solutions #X plus another

’

rreblem solving task, while the other received the same

g

aze task plus The: State Fair and The Missing

"~ Again the testing sessions were limited to

#60 minutes. Fowever, due to procedural difficulties,

not all classes were instructed to write down the clock

time upon completion of their problems.

AnalZses. The data was subdivided into test~

ot

retest and alternate forms reliability groups for each

of the-problem~solying criteria. Pearson Product

deviations were calculated for each of the test-retast

and alternate forrs groups for eacihh of the measures

listed below:
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Mew Blkxe and Free Ice Cream

l. oney or points earned

2. Days used

4. Strategy score

. Informotion scor

5. Inceonsistency score

5

B. The State Fair and The Missing Friend

1. Otrategy score

2. Inconsistency score

3. Number of Steps

C. Conjunctive Concepts

L. Number of errors
2. Tocusing score
3. Scanning score
P. Disjunctive concepts
1. Humber of errors

L. Verbal Mezze Problems

-

1., Tota

h

2. Total nurber o

3. Total number of

LURBs and FLIXes

- DR0OOGs and RILGs

time te soluxion
trials

solutions

Summery. The reiiebility study of +the problem=-solving

instruments completed *he Gevelopment portion of the

project. The criterion instruments had been developed

and judged ready for use in satisfying the primary

objectives of the overall study.

72




The Problem Solving Abilities Study

In this section the sample, instrument preparation,

and administratior. procecures will be described. TIn
accition, +*ert seoring procedures and data analyses

will be delineated.

The sample for this study consisted of 430 fifth
grade students from 128 classrooms. These classrooms
were located in six schools of +he Tippecanoe School
Corpcration. 'Ss came from a wide véniety of SES levels,
but generally shared 2 common cultural heritage. Ss
were generally of average intelligence, but the sample
éovered a wide range of intelligence levels. The age of

Ss averaged 11 years.

Instruments.

The instruments used in this study consisted of
two sets. The first set was comprised of 17 tests drawn
from the set of tests used by Guilfoerd (1967) to -

stablish the Structure of Intellec* model. These are

o -

~

summarized in Table 7. The second set of tests were the
problem-solving tasks developed in the first rart of

this study.

oy
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Table 2. A Classification of the 17 SI tests.

3 ‘ . » Processes Products

Measure B CMDNE UCRSTTI

Word Completion X X
Word Linkage X X
.FPlane Flight Test X X

- Apparatus Test X X

>
>

" Remembered Relations
iLearned Information % %
Kelated Alternatives - X ) X

Utility Test-Fluency
- -Flexibility

Controlled Associates

Exéressional Fluency

XK X X O xx
=

Symbol Production
Sentence Order o X X

New Uses ‘ X | X
Sequential Associations - X ' X
Unlikely Things = -ox X
'Logical Reasoning 3 X ' X

Judging Object Acaptations : X C X




e R

bu

Yiord COmpletion. The test revresents the SI

ablllty of cognition of semantic unlts, or veroal
comprenenglon. Merrifield et al. (1962) found tests

of this ability were related to their preblem~colving
measures. The instrument consisted of twenty words,

and the Ss task was to write a short definition for
each. To accomodate +the developmental level of the pop-
uilation of interest, the instrument had to be modified by
substituting a less dlfflcult set of words. However,
the structure was ralﬂtalnea ty u51ng the same parts

of speech and choosing words of the same relative
difficulty at the fifth grade level, ﬁs the original
vwords were at the adult level. ?he'reliability of the
instrumenf was .82 (Sheridan Fsychelogical Services,
1972). The score was the number of éonrect definitions.

Word ulnkage. This test represents the SI ability

of ‘cognition of semantic relations, or the comprehension
of verbal relations. This test was included as &

parallel to Word Completion. Each item of the test

consisted of fwo Qords, between which fhere was a semantic
connection. The taék of the S was to choose frdm a

list of three words, that word which represented this
semantic connection. To accomodate the developmental
level of the Ss, several items were eliminated due to
difficult words. Thus the test was shortened from 30

to 25 items. The reliability, using the Spearman-Brown
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Prophecy Formula wzs .70 (Sheridan Psychological Services,
'1972). The score was the number of correct responses.

flane Flight Test. This test should represent the

SI ability of cognition of semantic systems, a factor
sonetimes called general reasoning. It was modelled

after the Ship Destination Test (Guilford, and Hoepfner,
3% P

1971). The ability'measurcd by this test was found to

be related to problem solving by both Werdelin (1968)

and Bunderson (19§7). S's task was to calculate the time
it will take an airplane to travel from one point to
another on a coordinate map. Travel between any two
points takes two hours. Sevéral factors are introduced
which can affect this travel time a+t successive stages

in the problem. No reliability information was available
on this test so that the communality of ;33 was taken as
the lower bound of the reliability. The score was the
number of correct responses.

Apparatus Test. This test represents the SI

~abili‘cy of cognition of semantic implications. The
ability measured by this test was found to be related
to their meaéures of problem solving by Merrifield,
et al. (2962). ZEach itgm names a familiar object, and
S's task is to think of two possible improvements for.
the object. vFodr items were eliminated due to the un-

familiarity of the objects. The feliability of the test,

using the Spearman-Brown Prophecy Formula was .72 (Sheridan
Q ‘
H;;ﬁﬁ . :7(;

-
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Psychological Services, 1972). The score was the number
of accentable improvements according to preestablished
criteria.

memembered Relations. This test represents the

SI ability of memory for semantic relations, thatis,

thz ability to store and ratrieve information .abc t
verbal relations. The: test was included because both
Stevenson, et al. (19685 and Bunderson (1967) found that
memory for verktal associations wés related to problem-
sol§ing behavicr. The S is presented with a list of
relations between a variety of oE}ects and is told to
study it ‘for 2.5 minutes. The S then turns the page and

a series of multiple-choice questions concerning

A

nswanr

(O]

the relations on the previous page. Due to problems
with time limits, the test was.reduced from 40 to 20
itens. Tﬁe reliability of the Tesf, using the Spearman-
Bro&n Prophecy Formula, was .46 (Sheridan Psyého;ogical
Services, 1972). The score was thé number of correct
responses. - .

Learned Information. This test represents the SI

ability of memory for seman<ic systems. It was again
included because of the findings of Stevenson et al.
(196€) and Bunderson (1967). The S was presented with a
set of paragraphs and given 5 minutes to read and
memorize it. Then the 3 was tcld to turn the page and

reprcduce the paragraphs in +he order given, to the best

77




L1

187

of his ability. At the top of the sezond page was

- a list of keywords to stimulate pecall. Scoring was

based on the correct order of the reproduction of the main
ideaé of each-paragraph, with a maximum score of 15 points;
Since the original baragrapns concerned the SI mbdel and
the vocabulary was of high difficulty, it was decided

to substitute a parallel set of paragrapnhs with a
vocabulafy suitable fO? fifth Frades. The reliability

of the original.instrument was .64%. Since no reliability
was available on the revised instrument, the communality

of .23 was used as a lower bound of the reliability.

Related Alternatives. This test represented the
S5I ability of memory for semanticlimplications. It
was incldded for the same reasons. as the other two
memory tests. In this meaéuré the § was given a study
page which containéd a list of surnames associated with
océupations, and giver 2.5 minutes to study it. Then
the S was told. to turn the page and respond'to a series
of multiple-choice items. Each ifem gave a surname and
the S was required to choose from a.list of four objects,
the object which was associated with that person's

-

occupation. The score was the number of correct
responses. Due to several items which .cortained
occupations quite unfamiliar to fifth grade students,
10 items were eliminated. Thus the test-was reduced from

3C to 20 items. The reliability, using the Spearman-
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Brown Prophecy Formula, was .49 (Sheridan Psychological

Services, 1972).

Utility Test.

This test represented two different

31 abilities, divergent production of semantic units and

classes. These are more commonly called ideational

fluency and spontaneous flexibility. Merrifield e+, al.

(1962) reported that divergent production of semantic

units was related to their prcblem-solving tasks.

Haroctunian and Tate (1960) found +hat spontaneous

flexibility was correlated with theip pérticular measure

of problem solving. Thus, this test was included in the

study. The items are of a very simple nature. The

S is asked *o think of as. many uses as he can for a brick

and a wooden pencil. - The responses are scored for number

‘® B -
of relevant responses, a measure of ideational fiuvency.

'They-are also scored for the number of different ideas the .

-

S procuces; a measure of spontaneous flexibility. The
reliabilities of these measures are respectively .74 and
.6“.

Controlled nssoc;atlons“est. This test represents

the SI ability of civergent production of semantic

relations. Merrifield et al. (1962) reported that this

ability was related to their measure .of, problem-solving,

and thus it was included in +tne study. In this test, the

o

©> Was given eight words and told to write down as many

words as he could that meant the same or about the same
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as the given words. The score was the total number of

5

words that did, in fact., have a similar meaning as the
bl

given words. The reliazbility of the instrvment was

ns

given by Sheridan Psychological Services (1972) as : ,

.73,

L¥pressional Fluency. This test repraesents the

; R . . .

; SI ability of divergent production of semantic systems.
! L4 - 4 . 3

| It was included in the Siusy 1in order to discover if

the higher order c¢ivergen+ production abilities were
24 g !

relazed te efficient problem solving. The form of +the
task was that the 8§ was given a seqﬁence of four letters.
He was then asked +o produce as many séntences of four
words as he could, in whieh each word started with one of
the four letters and'the words were in the same orderpr

as the lettszrs. The &'s scoré was the numﬁer of sentences

he could procuce which met +he stated criteria. Sheridan

) ,

Psychologica’ Services (1272}, give the reliability of
this test as .67.

S test represents the SI

He

Symbol Production. Th

ability of diversent reduction of semantic transformations.
: y gz p

2
.« »

21s was included for *+he same reason as Expressional

3

Fluency. In this test the S wes given a series of brief
‘statements such as "Airplane takes off". He was then
asked to produce an abstract symbol for "airplane" and
another abstract symbol for "takes off". Due to time

i
L I . . .
; limit considerations, the instrumen* was reduced from ¢
E .

|

)

LEI{IC - 80 R L
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51 to 33 items. The S?s score was the number of symbols
which were abstract, and in the judgement of the scorer,
represented the object or phrase. Reliability, using the
Spearman-Brown Pro?hecyrformula,was .77 (Sheridan
Psychological Services, 1972).

Sentence Orcer. This test represented the SI

ability of convergent production of semantic systems.

It was included because Merrifield et al. (19562)

reported that higher order convergent proauction abilities
were related to.prbblemfgglving, but had not included this
ability in their study. In this test, the S was

presented with sets of three sentences about a particular

subject or event. The S was required to determine the
properlorder of the sentences by numbering them in

the order they should appear. The S's score on this test
was the nﬁmber of sentence triples he ordered correctly.
Sheridan Psychological Services (1972) gives.the
reliability of this test as .56,

New Uses. ‘'This test representg the SI ability of
convergent production of semantic transformations.
Merrifield et al. (1962) reported that this ability was
related to their problem-solving measures. In this test
the S was presented with a‘picture containing a number
of objects in a given setting. Below the picture were

listed a number of functions. The' S was asked to find

objects in the picture which couid fulfill the lis<ed

11
|
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functions, with the restriction that the function would
be a new or unusual use of the object. The S's score on
the instrument was the number of items to which he
responded successfully in accordance with the given
criteria. The reliability of the test, as given by
Sheridan Psyéhological cervices (1972) was .47,

Sequential Associations. This test represents the

SI ability of convergenf production of semantic implications.
Merrifield et al. (1962) also reported that this ability

was related to their problem-solving measures. In this

test, the S was given sequences of four words. The task

was to number *these words in sﬁch a way that there

existed a semantic connection between suceeding pairs

of words. The S's score consisted of the number of

sequences which were correctly ordered; The reliébility

of the test was .75 (Sheridan Psychological Services,

1372).

Unlikely Things. This test represents the SI

ability of evaluaﬁionvof semantic systems. It was
included in the battery because botﬁ Harootunian and

“ate (1963) and Bunderson (18567) reponted that judgement
or evaluation was significantly related to their problem—
solving measures. In this test the S was presented with
a series of pictures, in which two or more things were
out of place, incongruous, or unlikely. Beside each

picture four alterrnatives were given. The S§'s task was




to choose the two alternatives which were EQEE unlikely,
incongruous, ox out of place. The score.was the number
~of correctly chosen alternatives. Sheridan Psychological
Services (1972) gives the reliability as .54,

Logical Reasoning. This test re resents the ST
=]

ability of evaluation of semantic implications, or

verbal reasoning. Three studies found that this ability
was related to theip préblem-solving measures; Harogtunian
and Tate (1960), Wérdelin (1266) and Bunderson (1967).
The original. form of this test was too long and the
roabulavy too difficult for fifth graders. In order

to adapt the instrument, ever& other item was deleted
from the original form. Then parallel items were
constructed, so that the form of the logical proposition
was kept intact, but the v&cabﬁlary was greatly simplifed.
Thus 'each item remained a~logica1 premise with four
alternative éondlusions.from which the S must “choose

the one which logically follows. The instruﬁenf was

consequently reduced from 40 to 20 items. However,

S's score remained the number of correctly chosen

'alternatives;' The Spearman=-Brown correction yielded a

reliability of .72 for the shortened test. Eowever,
since the content of the items was changes the communality
of .35 was taken as the .lower bound of the reliability.

Judging Object Adaptations. This test represents

the SI ability of svaluation of semantic transformations.
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It was included .in the test battery because Harootunian ‘ f

; ‘and Tate (1960) found that a judgement Ffactor was
significantly related to their measure of problem=~ . : i

selving. In this test, each

e
t

em consists of an object _ §
rame and three alternative uses. The S was instructed :
- to choose the alterna+tive which was relevant and the

most unusual, ingenious, or clever. Due to the un-~
familiarity of some of the objects names, five items

were deleted from the test form. Similarly, the directions
required'extensive rewriting to bring the vocabulary g
down to the level of fifth graders. The S's score was

the number of correct choices he made. The reliability

of the instrument, émploying the Spearman-~Brown formula,

was .42 (Sheridan Psychological Services, 1972).

Problem Solving Criteria. Five problem-solvin
(& ] . p

criterion instruments were employed in this study.

These were The New Bike, Th- State Fair, LURBs, DROCGs,

-

and Verbal Mazes single and multiple solutions #1.

These instruments.were thoroughly described in the previous
section on criterion development. The measures yielded

were as follows:

1. The llew Bike = number of dollars earned, number —

of days used, information score, .

; . strategy score, inconsistency

: . score and number of steps.




-

2. Thé State Faip -

strategy score, inconsistency

Score, and number of steps.

3. LURBs - number of errors, focus score, scanning

Score, and total elapsed time.

. DRO0GsS - number of errors and total elapsed

tine.

5. Verbal Mazes - total time, total trials and

total number of solutions.

Reliabilities of these Teasures are given in the RESULTS

section.

The above 22 tests "ielded 31-réliable measures.

These measures became the basic data for analy81 in

this study.

Procedures.
‘—-ﬁ—-——-

After the SI tests had been revised, the 22
instruments were assigned to one of five one hour testing

sessions. Arrangements wépe made with each of the

- . . o o . ‘ » »
participating schools for five one hour testing sessions

in each of their fifth grade classrooms. These sessions

were spaced at one week intervals, over a period of

five weeks.

Eight test admlnlstrators were recruited, and each

C g

was a051rneq to one or more classes. These persoas

received Pretraining in general test administration

procedees and were acquainted with the goals of the

85
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project. On each Friday pPreceeding a week of testing,
tihe administrators met and were introduced to the next
week's tests. They were acquainted with the mechanics

f each test, and possible testing problems were

iscussed. In *he following week those *ests were admin- -

istered to Ss in the sample. During each testing
session, the administrator kept a written log containing
anecdotal information about the progress of the testing
anc appropriate timing informétion. Table 4% gives the
seqﬁence of tests as the Ss rcceived them.

After all testing was"éompleted, the instruments

were scored. In the case of the problem-solving

criteria, the test responses were transcribed directly

té déta sheets by clerical personnel, and then prepared

for computer scdfing. For scoring the SI tests, three
scoring judges were recruit;d.. The 17 tests were diQiEEJ%MA
among fhese three people and each one became exclusively
responsible for scoring the éssigned tests. The |

procedure for sgoring each test involved three steps.

-

The scorer first became familiar with the test‘key and
scored a sample of about ten tests. The scorer %hen
went over these teéts with the person %n overall
cha;ge of the project, to insure that the tests were (
being scored properly. Then tﬁg~écorer finished¢ the entirpe 'g

set of tests before moving on to the next sef. ' -

S Ly L3
o i
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In cases where test scoring required judgement
upon the part of‘the scorers, the reliability of the
5udging was éssessed. After an»entire set had been
scored, a random'sample of 23 tests were drawn and
rescored by the same person. These sets of rescores
were then correlatgdlwith the original scores to

determine the reliability of the judges.

Table 4. Test administration sequence and timing
' information. : S

Session Instrumants Administration
' time (min.)

i Utility Test 10
Controlled Associates 12

Verbal Maze #1 - 33

2 Expressional—fluency 8
Remembered Relations : 8

“Apparatus Test 1

Unlikely Things _ : 10

3. Sentence Order . 8
. Sequential Associations 6
Judging Object Adaptations 8

New Uses ) 9

Viord Linkage 6

The State Fair 15

4 Word Ccmpletion > 7
. Plane Flight Test 8

. =earned Information 7

- Logical Reasoning 10

Concept LURB 15

Concept DROOG 15

5 Symbol Production 8
Related Alternatives - 9

The New Bike 45

1/2
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AS each S8's SI test was scored, it was recorded on
a data card for that S. Fach 5 was assigned a unicue
identification number whicl: was recorded on each test

booklet. All this information was then combined with

the computer sco;ing output to make up individual cases
of data for each S consisting of all his test scores.
Finally, this information was placed on computer cards
and only those cases with complete information were

selected out for analysis..

-

Analzses. .o

The analyses for thi:

)

study were aiﬁed at providing

&

answers for fhree'pésic questions:

1. What are the simple relationships among the 21
measures derived from the SI.aﬁd problem-
solving tests?

2. tiow predictable are the‘performances on the
problem-solving measures, given thé SI tests?
3. What is the nature of the underlying structure

of the 4l tests and problem-solving criteria?

“

Information regarding the first question was derived
from the simple Pearson Product Moment Correlation
coefficients among the 31 measures. First, descriptive
statistics were geﬁerated for each of the measures.

These included means, variances, standard deviations,

ranges, and skewness indices. The skewness index was
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examined for each variable and suitable transfdrmgtions’
were carried out for those variables which were highly
skewed. Using the set of variables, where the transformed_
variables replaced +h ip counterparts, the correlation
coeflicients were calculated.

" In order to obtain information regarding the second
question, atepuloe regression analysis was performed
for each of the problem-éolving measures: The computer
program used for these analyses was the REGRESSION sub-
program of the Statistical Pﬁckage for the Social Sciences
(SPSS; Nie, Bent, and Hull, 1970). For each of the
problem-solving measures, this'program yielded a ﬁultipie
® and R? for each step, the change in R2 from step to
step, and the order of entrance of predlctors into the

regression equation. In order to determine the significant

set of predictors for each problem—solving measure, an

T test,

(% . RZ) (W - m - 1)
F = d.f, = (m1=m2), (N-ml-l)
(1= R%) ¢ m, ) - | |
(l - Rl ml - .u2

for the changé in R2 frﬁm step to step was apolied. Rl
is the multiple correlation for equation 1 which contains
m, predictor variables. ﬁz is the multiple éorrelation
for the second equation with m, precictors, sud N is the

total qupbér_of cases in the samplé (Draper and Smith,
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1966). The significant set of predictors was the set
from the last step in the stepwise regression analysis

2

which caused a significant increase in R® "at the §%

level. 'The final R2 vias thcn‘interpreted as the amount
of criterion vériancg accounted for by the SI tests in
the signifiéant predictor set.

The approach to obtaining information concerning
the third qdestion, that of underlying structure, was
threefold. First, a conventional factor analysis was
carried out. An iterated »rincipal factor solution
(Harman, 1967) was calculated from the basic correlation
matrix (Rpsa)'. Tiiis yielded 27 factoys with positive
roots. These eilgenvalues weré nlotted against the factor
number as specified in the Scree Test (Cattell, 19&6a,
1966b). The scree slope was judged to begin at the sixth
factor, and thus the first five factors were considered

to .be relatively free of error variance. These five

factors wereé then orthogonally rotated by the varimax

Aprocedure (Harman, 1967). The resulting .solution was

judged not completely adequate due to a low hyperplane

count in some factors and _factor overlap on several
- N v
tests. An oblique Promax rotation (Hendrickson and White,

1854) was then carried out. In this procedure, a varimax

c ey s . S M+l
matrix W with eldments w.. = a.. ' ~/a,.. Thus each
s 1] N 1]

element of W is the corresponding element of the varimax

solution with elégﬁnts aij is used to generate a target
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solution raised to the Mth power with the origiral sign
retained. A least squares transformation is +then cilculafed
between the varimax solution and this target matrix
“ by the "Procrustes" technique due to Mosier (1239)
and Hurley and Cattell (1952);‘ The resulting transformation
iz then applied to the original varimax solution, *o
yield an oblique reference structure. This structure
was then used té compute the primary factor loadings, the
intercorrelations- among ‘the primary factors, and the
test - factors correlation matrix using the formulae
found in-Harman f1967).

The second approach taken to the question of
underlying structure was to perform a canonical correlation
analysis (Hotelling, 1936). The.first set was the SI
tests and the second was the probiem-solving cpiteria..
First, canonical roots were extfaéfed and correlated

linear functions of the SI tests and the problemn-

e

- solving criteria were calculated. In order to evaluate

the relative importaﬁce of the resulting canonical
Qariates, the redundancy for.each'pair of linear functions
as defined by Stewart and Love (1968) was calculated.

The redundancy is a noﬁ-symmetric index which indicates
-the»proportion of variance extﬁééted by a canonical

factor of the first set which mayvbe predicted from the

corresponding canonical factor of the second set. . To

" calculate the redundancy coefficients for each set of

91 ' -
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linear functions, the test-canonical factor. correiations

(i.e. the canonical factor structure) had to be calculated,

]
i
i
i
]

1

This was done by multiplying the matrix of intercorrelations

of the SI.tests (R .} by the coefficients of the linear :

9]

functions for the 'first set

A similar process was
carried out for the linear functions of the problem~

solving criteria. This yielded a set of factor loading

-

;L vectors s; for ‘the SI tests and a similar set ty
u ) for theproblem-solving criteria. The proportion of variance
extracted by each canonical factor of the first set
was given by'the expression sisi/p where p is the
number of tests in the first'sef. A similar expression
T involving the t;'s and the numbe? of variables in the
| second set gives the propertion of variance extracted
by each factor in the second set. The reddh@ancy for
t

the 1™ function of the first set is then calculated by

the formula

.

1t

[

P
(o]
0

- —

where R is the canonical correlation for the first

C.
: i S _ |
; set of lineer functions. Again, thé redundancy for the )
\ :

i ith function of the second set is.calculated by a .similar

formula. These redundancy measures were then used +o

evaluate the importance of the pairs of linear functions. -
\.1 . . - .' . * . - 'v‘- z [ i
FRIC The third appreoach in ¥myestlgatlng the un?erlylng 5)2 E
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structure was to determire the relationships of the
problem-solving criteria to the SI structure represented
by the SI tests. In order to accomplish this, it was
nNecessary to attempt to force the SI tests into in-
dependent factors, as postulated by the SI model. This

&

was accomplished by extracting all factors with positive

‘roots from the SI tests intercorrelation matrix by

the iterated principal factor method. This yielded 13
factors which weré then rotated to a varimax criterion

to achieve maximum uncorrelated simple s ructure. in
order to study tne relationships )euween the problem-
solving criteria and the 37 tgsts, this factor structure
was then extended to include the problem-solving criteria
by the method of Dwyer (1237) and Mosier (1938). The

procedure is specified in the fcllowing formula:

- t 1 -
V=Rl F(E'E)

where V is the matrix of 0xtenolon loadlngs of the

—

problem-solv1ng cr“terla on the SI factor matrix, R'ps -si
is the intercorrelation matrix of the problem-solving
criteria with the SI tests. T is the varimax rotated
factor loading matrix of the SI tests. These extension

loadihgs were interpreted as estimated factor loadings

for the purposes of elucidating the inter~-battery

sy

relationships.
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Summarz

This concludes the éhapter describing tne methodology
of the project. The‘development of the problem-solving
criteria has been deseribec and the study of their
reliability has been delineated. The instruments
employed in the ppimary'study have Deen described, and
the adnministration procedures have been outlined.

Tinally, the analyses of the data from the main study
of problem solving were described in detail. In the
folliowing chapter the results of the analyses will be

presented.
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RESULTS

In this chapter the results of the two studies
will be reported. First, the results of the reliability
study will be presented. “nen, the results of the

brimary study of preblem solving will be reported.

Reliability Study

The reliability study attempted to determine the.-
reliability of the problem-solving criteria developed
in the first part of the study, by two different
rethods. The first method sought to establish the
reliability of the iggtryments by administering them
to the same group of suggects twice, with an interpval
of two weeks between administrations. The means and
stand;rd deviations for each of the measures derived
frdm the instruments for the first and seconc testing
sessions are given in Taule 5. In addition, the

distribution of finish types and legal finishes for

The New Bike are feported in Table §.

For The New Bike only 17 of 42 Ss indicated that they

colved the problem of the first oecasion and § of these... = ...

. . o . . . .
were not justified, while in the second session 26 Ss ‘
successfully solved the problem. Since the inconsistency

Score was extremely positively skewed, .a log10 trans-

. formation was applied, and these are the means reported

in,the table.

LRI | 95
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Table 5. Two week test-retest means and standard .
deviations for the reliability study of the
problem~solving criteria.
Session 1 Session 2
Aeasure Mean S.D. ~ dean S.D.
The lew Blke N=42
Money ~arned 24,57 9.78 26.74 9.20
Days used 9.43 5.12 11.60 4,81
Information
score 55.93 15.93 56.19 17.01
trategy '
score 35.67 14.83 35.76 14,15
Inconsistency
score 43 a0 U7 .93
Number of v
steps 28.05 9.28 28.76 9.48
Concept LURB N=U4§
Number of ’
errors .58 2.91 .92 3.28
Foeus score 2.98 2.20 3.85 2.32
'Scanning score 1.09 1.21 1.46 1.23
Concept DROOG N=i8
Number of errors 4.90 2,15 5.46 2.88
Verbal Maze #1 N=i6 '
Total time B E 4.31 5.67 3.23
Total trials 6.20 2.25 5.11 1.92
Total solutions 3.39 2.06 3.39 1.96
96
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, Table 6. Distribution of finish types and legal
t finishes for simulated problemn situations,

§ ' FTinish Types " Legal Finish

; Solved - Did not

; Fornm Froblem Quit finish Yes Ne

- The New Bike (1) 17 8 17 37 s _
The New Bike (2) 33 - ;. 6 ; 3 35 7
Free ice Cream 37 . o ’ 7 17 27
The State Faip 13 7 3

.The Missin
- friend 13 3 7.
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Two particular pieces of informatién should be
taken into consideration regarding these means in
Table 5. First, test administrators consistently
reported tiat few S5 understocd the nature 6f the
disjunctive concept DRCOG which tney were supposed to
identify. Second, it should be noted that the Verbal
liaze #1 was originally designed to have a2 maximum fotal
of three solutions. Yef Ss discovered’gew solutions
that met the criteria stated in the instructions, thus
2 mean total solutions of 3.28. | /

The test-retest correlations for these instruments

are presented in Table 7.. For The New Bike, the highest

tést-retest rel;abilities were demonstrated by the

information and strategy scores (r,. = .50) of The

t
New Bike. The other measures had -reliabilities ranging
froﬁ'.lg finconsistency score) to ;48 for the number of
steps measure.’FThq“measures for concept LURB demonstrated
a wide range of test-retest reliabilities. They ranged
from a high of .52 for rumber of errors to -.07, which
‘was a not significaﬁtiy different from zero, for the

~scanning score. The test-retest correlation of number

E“fm»,w,,"of~erronSLfor.conceptunROOwaas a1so non-significant;;~~~

T

However, the reliabilities for Verbal Maze #1 were all

; h significnat and ranged from .36 for total time to a

respectable .74 for total solutions.
i } x‘
t \
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7. Two week Ltost-rotess reliabtilities - Rellanilscy
Tstudy.
Mongure N Do
v o
Tae New Bike 12
- Morey earned .38
days used 32
Information score .50
S:rategyfscore .50
Inconsistcﬁéy score - - 12
Number of steps L33
Concent LInd 48
Number of errors .52
Focus seore .34
Scanning score 07 In, )1
Concept DRO0OG Le
"Number of errors .07 r.e.)
Verbol Maze #2 46
Total tirme .35
Total trials .52
Totzl solutions LT
lCorrel'zt;‘.on net sipgnificantly difrferant from 0.0 at ¢4e
.05 level, '
5
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Table 8. eans and standard deviations-for the alternate
forps of tne provlen~solving c¢riteria-raliabllity
o~ !-wa
L AL Y J.

ERIC
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Form 1 Form 2 _
Leanure “aan s.0, N rean 3.D. .
Siwmulatesd provlers The Now Pike Pree ,Jce Crean 5
l.zll.’, |
noney/peints ecarnad 24,68 9.60 32.89 15.21 ‘
Days ugecqd 2,32 5,02 5.23 2.73
Information sccre 55,66 15,94 37.82 18.923
Strategy score 25.25 14,90 30,68 13.89
Inconslsterncy score U2 .88 .92 1.07
Number of Steps 27.66 8.23 17.93 8.01
The State Fair ) The Missirm Friend
‘ . 23
Strategy score 75.9€ 25.04 35,48 12,46 '
Incerisistency score .82 1.05 2.35 .18 -
Number of steps 7.35 2.48 8.91 1.65
Conzent Tasics LURBa FLIXes
N L’B
Hunmber of errors b 67 2.5¢ 4,85 3.14
Focus score 3.906 2.2 L, o2 2.79
Scarning score 1.4 .21 1.84 .63
2300Cs RILGs
b7
ﬂumServof errors b, ol 2.17 5.00 2.49
Verbal Maze problems #1 £2
"~ B —— RCH
bs .
? Total “ine ‘ 9.15 4,306 5.72 3.30 /
Total trials 6.11 2.20 h.91 1.8 g
- Total solutions 3,47 2.03 2.80 1.85
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compliexity. The mean nunber of errors for conjunctive
SURTs (8.67) and TLIes (4.353) wore highly similar,

Llowever, th2 focus and scanning

- N - .
TLIEOS v LETLY sAshar vhen tanne far the LUESs.
Tom tha Vawenl aoma R - rm o mzane Sawm oo 1 +Thren
D oLal yelozl lazes sl oaned . 4, Tne &a&nNs Zor & Laree
- = .. - < e ~ L 4o 1. ;1
d2LZures veve L35 Ior the (7 fornm than for the #1

ferm. It sheuld pe nétca tnat For 21l alterna‘e forms,
the filrst mentioned form was adninigtered immeciately
tefore the second mentiora: fapm.

The alternate ‘orm reiiz>ilicy coefficients for
2ach of the instrumente Lo oresented in Table 2. These
results cast censideranie <ous*t on tre assertion that

alternate forms. Tvelve out of +the 15 reliiability co-
eff.eientS«were ner sigrificartly different ‘“o" Z2ro.

“ne results of thic reliability study were vsed to
thoose the criteria For the primary study of problem

selving. It should pe obvious ‘rom Taples 7 and 3

“hat the obtained rel 1aw1-;ties ol bpoth types were

Tar from ideal. iiovmally, acceptakle relialility
coefficients lie in the ran~e of .70 to .9¢, whien

axcluces every measure except Verbal Maze total solu

102
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. Table 2. Alternate Torm reliabilities - Reliability sZudy.

Measure N i rtt

Tae New Zike - Froe Ice

Crezm 44
oney/points earna2d -.02 (n.s.)l
Days used . ~.01 (n.s.)
Irformntion score ~.12 (n.s.)
Strateny score -.03 (n.s.)
Inconsistency score -.08 (n.s.)
Number of steps -.04 (n.s.)
Concepts LURR-FLIX 43
Number of errors ‘ .56
Yocus score .20 (n.sz)
Scannineg score ‘ . -.23 {n.s.)
Concepts DROOG-RILC 47
Number of Errors .19 (n.s.)
Verbal Mazes #1 = #2 s
Total time » 34
Total triéls .46
Total solutions .82
Tne State Fair -~ The
[“issins Frliend : 23
Strategy score -.03 (n.s.)
Inconsistency scora ' .02 (n.s.)
Number of steps .21 {(n.s.)

lCorrelati'on i1s not significantly different from 0.0 at
the .05 level. -
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it was decided that for research purposes

‘ that all measures which exhibited at leas* one type
; of reliability coefficient different from zero would be
usel in Zhe primery study. The raticnale for this

E decislon was based on the assertion made by MeGuire and
¥ " babbott (1267) and fréffingcr and Poggio (1972 ) that
icr many kinds of problem~-solving tests, conventicnal
measures of reliabilitv were inappropriate. This can
be dve to number of causes, including differenfial
learnirg across a number of occasions of solving +he
sare problem, or differential transfer from one task

to the next. The result of this deeision was that

Concept BROOG and 'ihe State Fair were almost entirely

——— et =

]

3 ' eliminated and the scannirg score from concept LURB was

[

also deleted.

lggég;‘ 1()4

£SO
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fhe Problem Solving Abilities Study

In primary study, the data for analyses were derived

from 21 measurcs gathewmed eon a sample of 430 subjects.
nly those o with cemplete data on all variabies wers

-

selected for analyses. Talle 10 reports the descriptive

statistics {or each of the variapiesincluding the 17

]

SI tests and tha four oroblem-solving instruments. This
tablie gives the mean, standard deviation, range, skewness,
a2nd reliability for zach of the variables. Due to

o

“he inceonsistency

D)
"(
‘
3
[B)
3
D
'Y
O
n
}_J
t
}4
ID
D]
A
¢y
%
oo}
D
n
Us
ot
[=7]
~2
S
>
Hy
ot

[ad)}

score from The liew dike, the variagblas labelled in-

0
O
Lv
He
w
o+
o)
3
0
e

score in the +adle is actually the log base

10 of the inconsistency score.

In%: ra~vudre reliability,

The first analysis tha® was carried out was toc
detcimine tue rellenility of the scorers on *hose tests
in which scoring required substantial judgement. Lach
test was scored Ly orly onc indivicual. Table 11
presents the score-rescore correlation coefficients
for ecach of *hese types of tests, A1 ceeffipients
were within a range of exeellent scorep reliability

{i.e. greateor than .00) except for Lymbol Production '

(.78). However, *nis las* was judged to be sufficient

for research purposes.
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Table 11. Intra-judee reiiabi
for 8I tests
Judgemens,

licy determinations
requiring substantial scorer

2. _Score Rescore ;
seasure C Al Seida. 12 S.D.2 tl? r12
JITLY : %Q.BS 6.51 14.85 7.62 N.8. T
UTFLY, 5.10 4.28 b2 4.6 n.s. Yo
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Variable Intercorrelations.

- “he Pearson Froduet Homent intercorrelaticons

for all the possible pairs of variables are reported

ir Teblie

Lo

b}
2
3
D]
3
o
=y
rJ
N
ct
]
wg
} =]
[
-
s}
=
<
9]
o]
8]

rrelation greater

)

than .11 is significantly differen+ from zaro at +the

S

R

]

[ ]

evel. Tor purposes of describing tne results the
table will Le subdivided into three sections; the SI

test intercorrelations, the problem-solvin criteria
v L g

F.‘

ntercorrelations, and the ST test-problem-solving
criteria intercérrelations.

The mean intercorrelation of *he SI tests was
.23 with a range fron W10 to .61l. - Thus -all the §I
tests were positively correiated to a mederate degree,
This positive manifolcd inéreased the possibility of
underlying common factors.

For the problem-solving ériteria, the mean
magnitude of the intercorreiations was -1% with a
range of correlations fpom".28 to .94, 4y of tﬁe 78
correlations cid not exceed the value (.10) necessary *o
be significantly different from zero. The largest
intercorrelations apreared amorg measufesvfrom the
same instrunent as would bLe expected. The negative
correlations are also to be expected, since some measures
such as ZRRCJ are measufés 0Z errors on a test while

others are measures of positive performance. However, a

- e
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result difficult to explain, is the single correlation

of the two concept measures ERRCJ and FOCCJ. One of these
~s the number of errors an S makes in the process of
identify the concept, while the other is

*

of the S's use of a focusing strategy. Yet,,K thls

n indicatoer

6]

result appears more reasonable in the light of the
assumption made using the number of errors. It was

that the number of errors was assumed to be an index

of the number of exemplars used by S to identify the

concept. Since the focus score is calculated only
on those exemplars the S uses pefore he solves the
concept, a positive correlation betweeﬁ the measure of
error and {ocus strategy is possible.

The mean magnitude of the intercorrelations of the
Problem-solving criteria with the SI tests was .12 with

~

2 range Irom =-.25 to .30. Of the 234 correlation
coefficients Detween these two batteries, 111 did not
excead the magnitude (.11) necessary for a significant

difference from zero. Four measures - money earned,

days used, and the information score from The New Bike,

and the Verbal Maze total solutions - demonstrated a

consistent pattern of low to moderate correlations with

-

the SI tests. The lew B

He

ke inconsistency score, the

total time and total trials from the Verbal Maze

problem, and the total elapsed time for the concept

problem presented consistently zerc correlations with

114




the SI tests. Thus it would appear that the possibility

of common underiving factors is not high. In ordep

to delineate the relationships among the vériables, a

numnier of analyses were carp

o

ied out on +h correlation

matrix. fThese analyses will be reported in the

follicwing sections.

Rezression analyses of the ST

)
eritaria
sriteria

tests on the problem-solving

In order to explore the predictability of the problem-
solving criteria given the 3T tests, step-wise regression

analyses were cerried out for each one of the prokiem-

solving criteria, using the S$I tests as predictors,
Multiple correlations and percents of variance accounted

for were calculated fopr each criterion. Thesge figures
were based on an optimunm predictor set for each criterion
which was determined by F tests on the change in multiple

correlation. Table 13 summarizes the results of the

regression analyses. Two barticular points should be

noted. First, the F test should be construed as a decision

function rather than an exact test, Second, the multiple

regression procedure takes advantage of all sources of

variance including error variance. Thus nmultiple R's

may be spuriously inflated.

For the problem-solving instrument, The New Bike,

the multiple correlations (R) ranged from a high of .43

for the amount of money earned to .25 for the incon=-
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Table 13. Prediction of problem-solvin
SI ability measures,

105

g c¢riterla from ?

% predictable SI predictors 1
Criterion R variance contrivuting ;
significant
variance
The Kew Bike
Money earned .43 19 NU, LI, RA,
UTFLU, LR -
Days used .37 ° 13 NU, LI, LR,
' UTFLU
Information score .45 20 NU, RA, LI,
LR
Strategy score .30 9 NU, LI, RA
-nconsistency
score .25 . 6 ur e
lumber of steps <32 10 NU, LI, RA, WC
The State Fair
Number of steps .21 4 JOA, LI
Verbal Maze #1 ‘ . ,
Total time .18 3 AT, RA, WC :
Total trials .16 2 CA, SO .
4
Total solutions .47 23 " RR, UT, LR, :
PFT, LZ 4
Concept LURB ]
Number of errors’ .33 11 LR, UT, UTFLU i
Focus score 213 2 We 3
Total elapséd time .23 5 WL,

PFT, RA,
LR .




sistency score. 'The percent of variance accounted for

in the criterio varlau by the.predlctor.set ranged

2 . from 1%% for Tmoney earned to 6% for the inconsistency
: ‘ . aid :

Scora.  For everyvariable Rxoept inconsistency

Score, the SI test Wew Uses was the best predictor of
=T UBES

performance. The &SI tests Learned Information and

Related Alternatiqu_ appeared in Secondary or tertiary

positions of importance in four out of the six optimum
predictor sets. The fluencv measure from the Utility
Test contributed 81gn1flcaﬁt variance to the prediction

of money earned and day‘ used. Logical Reasonlnr was a

sigrificant predictor of rnoney earned, days used, and the -

i

informatlon-score. Finally, Word Completion was a

significant put niner precictor of number of steps and

Ynusual Things was the only si gnlflcant SI predictor

of the incons tency score.

‘The number of Stepe measure for The State Fair

-

had an R of .21 with its optimum'predictor set, which

accounted for only 4% of the variance. The optimum

Sset consisted of Judging Object Adaptations ang Learned

.

; " Information.

bt

The total time and toual trials measures from

A . Verbal Maze #1 had multiple R's of only .18 and .16
respectively accounting for only 3% and 2% of the

‘variances. lioweyver the multiple R fop the total :

o . .117
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solutions measure was a respectable .47 which accounted
for 23% of the criterion variance. The significant
; predictor set for this variable consisted of five SI

tests Including Remembered Relations, Urlikely Things,

Legical Reascning. Plane Flight Test, and Learned
: oo nsd

Inferma+tion.

For the concept identification task LURB, multiple
R's ranged from a high 6f +32 and 11% of the variance
: to a low of .13 and 2% of the variance. Number of errors
E ’ had the highest R, and was predicted by three tests

with Logical Reasoning being the most important. Since

so little variance was predictéble for the other two
measurcs, the predictor sets were judged to be of minor
importance.

To summarize the regression énalyses, no multiple R
exceeded .50 and thus less than 25% of the crlterlon

“varience was predictadble from the SI tests. However, it

is important to recognize that this may have been due

to more than one cause, since the multlple R between a

criterion and~a ‘predictor set s also dependent on the
reliabilities of all measures, and the problem-solving 3

criterion reliabilities werg generally low. , : :

-
LRt 4

Structural analyseé

As was stated in the Methodology chapter, a three-

i
4
b
1
i
!
ki

- fold approacn was taken to the question of underlying

1i8
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structure. The variable intercorrelations were analyzed
by conventional factor analysis, canonical correlation
analysis, and extension of the problem=-solving criteria T .

inte a precdetermined 3I factor structure.

Conventional factor analysis. fhg first structural !
analysis carried out on the data was an iterated
principal factor analysis extracting 31 principal
factors. The eigenvalues and cumulative percent variance
accounted for by each of the factors are given in Table
l4. The scree test (Cattell, 1966) was carried out by
plotting the eigegvalue against'factor number for each

of the factors extracted. This plot appears in Figure 11.

This teét proposes that eigenvalues of factors with a._

ﬁigh proportion of error variance will form a straight
sloping line or "secree slope." From the plot it was
judged that the "scree slope" began at the sixth factor
so the first five factors wocre judged to be relatively
error ffeé. The matrix of correlatiohs‘was then
subjected once again to an iterated:principal factor
analysis which extracted Five factors. These factors
were then rotated to a varimax criterion. The factor
structure and communalities are reportea in Table 15,
This solution was judged not completely adequate in
terms of simple'strucfurgtsince a numper of tests and

measures such as the Utility Test, Controlled A%sociates,
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Expressional Fluency, and several measures from The

New Bike had important lcadings on more than one factor.
This varimox solution was then subjected to an

oblique rotaticn by tﬁe Prcmax procedure (hrendrickson

and white, 19¢6). Table 16 presents the primary

factcr loading matrix. Table 17 gives the factor

intercorrelations and Table 18 reports the test-

factor correlation matrix.

Comparing Tables 15 and 16 it is evident that the

Promax solution yielded a slightly simpler structure

in terms of factor loadings. The loadings for the
& oA

two, measures from the Utility Test increased slightly
in facter IV and decreased in factor I. The major
improverent was in the hyperplane count (loadings of
magnitude less than .10) which improved for each A
factor. 1In accition, most tests had an important loading
on iny one factor. However, the factors yielded by
Promax procedure were no lbnger orthogonal. Table 17
incdicates that factor I is most correlated with factors
I, IV and V, yet the magnitude isVQuite moderate (.34).
Factor II is slighcly negatively correlated with factop
III and essentially uncorrelatedswith factors IV and.V.
Factors III, IV and V are eésgwfially uncorrelated. It

would appear then that the oblique rotation left most

of the factors orthogonal while moving factor I to a
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_Primary factor matrix for the five factor

114

- JOA

Table 16.
Promax solution.
: Factor

Measure I I1I III IV v
UTFLU .23 -.05 -.09 .59 .06
UTFLX .18 .01 -.02 .56 -.02
CA .49 -.04 .00. .37 .1y
EF .39 -.05 .10 .28 .05
RR .74 -.05 .05 -.11 -.06
AT .64 -.05 .06 L1y -.16
uT .57 -.02 -.10 -.09 .04
-S0 .51 .05 -.05 .03 -.01
SA - .37 .05 -.02 -.04 .14

JRTE -.06 -.02 -.03 .16
NU .57 .12 .00 .19 -.06
WL .70 .01 .09 -.07 .00
WC 77 -.05 .00 c14 -.01
PFT .60 -.13 -.04 -.18 .17
LT .32 .17 .01 e 15 .04
LR .58 .02 - -.11 ".03 -.08
SP .59 .01 .0L4 .07 -.16
RA .64 .08 .11 .04 ~.09-
VENB .09 .87 .00 -.09 .06
DUNB .06 .83 ~.04 -.10 .04
INFNB .07 .94 .01 .01 -.02
STRNB - -.07 .93 .00 .01 -.06
INCONB -.09 .08 -.02 .14 .30
NSTPNB -.14 .98 .02 .05 .02
NSTPSF -.01 .02 .08 -.08 -.39
TMSPY -.21 .00 -.07 .01 .38
TTRSPY -.19 .09 .13 .19 .28
TSSPY .u3 .09 -.12 -.05 L1y
ERRCJ .04 .00 .83 -.11 -.38
FOOCJ .03 .00 .78 .01 .06
TMCJ .06 .03 .14 -.15 .11




115

slightly oblique position with respect to all of the other
factors. '

In order to understand the psychologicai'ﬁeanihg of
the five factors, it is necessary to examine the test-
factor correlation matrix.- Table 18, which presents '
this matrix, reveals that while the primary factor
structure became simpler t;rough the obllque rotatlon,'

a greater degree of test overlap on factors is present.
Factor I appears to be a. general test: performance factor.
All measures with reliabilities greater than .30 have

important correlations with thls,factor; Factor II

appears to:be primarily a test specific factor having:

high correlations.with The New Bike measures, thoﬁgh the
New Uses ' is also moderdtely correlated. This is |
probably due to correlated errors. Since these same
tests also have important correlations with factor
I, the correlation of the two factors is explained.

Factor III is another test specific factor which
had high;porrelations with error and focus scores from
the concept identification' problem:’ The'low;negative’a
correlations of this factor with factors I and II |
are most probabl} a result of the low negative ‘correlations

of a number of SI tests and The New Bike with this factop.

This in turn is . most likely due .to theé fact that the two

measures assess degree of poor performance on the task




‘Factor IV appears to represent a divergent production

. factor. Four of the seven tests which had important —

1

correlations with this factor have been identified by

Guilford (1967) as divergent production tests. Two of

the remaining tests,'Apparatus Test and New Uses, call

for "original" thinking by S in order to successfully

; perform on the tests. "Original" thinking has often. |

Word Completion has a moderate correlation with this

\
been identified as divergent in nature. Finally, ..é
factor, probably due to the semantic nature of all the._ .

"""""""" other tests. Factor IV has itsvhigheét correlation

with factor I, most probébly because a general test

performance factor affects performance on these divergent

production tests.
Féctor V has moderate correlations with several

tests in both the SI tests and problem-solving-éritéria.

This factor appears to indicate that the SI abilities of

evaluation of semantic transformations (Judging Object

Adaptations) and cognition of semantic systems (Plane

Flight Test) are related to problem-solving measures of .

the errors made in problem solving (The New Bike in-

consistency score, number of steps from The State Fair,

and number of errors in the concept problem). The ‘ ?
measure of total time in the Verbal Maze problem.

also had an important correlation with this fagtor. .-

Factor V was moderately correlated with only factor I,
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Table 17. Factor intercorrelations. Five factor Promax

Eﬂ _ solution for the SI tests and problem-solving
? : : *crltgp}a. :
- .
| Factqr
Factor 11 IIT IV ¥
I 3 .21 .34 .31
11 -.21 .10 -.03 | )

f’ I1I -.11 .08
E v | : ' .11
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which can be accounted for by the important correlations

. of Judging Object Adaptations, Plane Flight Test, and

number of errors in the concept problem with both factors.
To summarize the results of this conventional

factor analysis, it revealed little about underlying

relationships between human abilities as specified by the

SI tests and the problen-solving criteria. Only factors

I and Vv showed any crossover between the two sets of

‘tests. However Factor I explained little since it appeared

to be a general test performance factor. Only factor V

pPresented seme evidence that the human abilities,

evaluation of semantic transformations and cognition

of semantic systems, are related to errors in problem-

solving tasks.

’ *
Canonical correlation analysis. Since the conventional

factor analysis revealed little of the relationships
between the set of human abilities tests and the problem-
solving criteria, it was decided that a different, more
suitable approach would be employed. This approach
chosen was canonical correlation analysis which was
designed by Hotelling (1936) to analyze relationships
between sets of variables.

Five canonical variates were extracted from the ~
set of SI tests and the problem-solving criteria. The

pertinent information concerning these canonical

variates is presented in Table 19. The first two
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canonical correlations were significant according to the
~Wilks lambda test. ’However, five canonical variates
were extracted in order to account for a maximum amountu
of variance in the two sets The five canonlcal
variateS‘extracted'GO% of the yariance of the SI teete
and 48% of the variance of the problem;eolving criteria.
The first two variates'were.the only ones to extract

appreciable variance from the first set, while only

_the first canonical variate extracted appreclable variance

from ‘the second set.

The redundancy figures reported in Table ié_were
the amounts of ‘variance extracted by the canonicai,'
variates from one set that were.predictable from the
corresponding canonical variates of the other:set.li.l
Thus for the first pair of canondcai variate; which
were ccrrelated .66, the proportlon of variance predlctable
in the second set from the first set is 07u whlle the
proportion of variance in the flrst set predlctable
from the second set was';i3é: The total prcportlon cf -
extracted variance predictable in the set of problem-
solving criteria from the SI tests was .116. The reveree
accounted for a total proportlon of varlance of 156
Flnally, the flrbt pair of canon1cal var1ates accountedl
for 64% of the redundancy in the SI tcsts ahd 87° of the
redundancy in the second set. This indicates that the only

1

canonical variates of importance were the first extrafited.

132
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pair of variates in the analysis.

In order to analyze the éontributions of fhe
various tests due to the first pair of canonical
variates, the correlations between the tests and the
canonical factors were calculated. This canonicai
factor structure is given in Table 20. Since the first
canonical factor accounted for most of the reduﬂaancy,
this was the only one which was cioSely examined. All
the SI tests had moderate correlations with this factor.
The test exhibiting the highest correlation was New
Uses with a coefficient of -.75. For the problem-
solving criteria, several of the measures also had
reasonable size correlations with the factor. These

'measures included four of the measures from The New Bike,

the Verbal Maze total solutions, and concept problem
total errors. The pattern of correlétions across the
two batteries appear quite similar to the general

test performance factor found in the conventional factor

analysis.

Extension analysis. Since the canonical correlation

analysis also revealed little about the relationships
between the SI tests and the problem-solving criteria,
a third approach was attempted. This analysis attempted

to answer the question: assuming that the SI tests

represent a structure of human abilities, how do the




Table 20. correlations with the 5 indeperdent canonical
"o

Canonical factors

Measure I II II1 Iv V4
SL Pests
GTRLU - 50 ~.13 -, 32 L5 - 41
JTPLE ~. 32 .10 -.58 <13 ~-.31
ca - 52 -2k .01 21 .12
LE -.32 -.03 -.02 13, .1z
RrR -.53 -.01 .35 -.15 -.10
AT -.52 .03 .23 -.17 -.11
un -.54 -. 33 .C2 -.28 .0C
- 80 ~.63 sl ~.05% -.15 -.13
S& -, 42 ~. 08 -.13 -.02 .50
JCA - 45 -.20 B0 -.15 .22
Ny -.73 .12 -.21 -.05 0L
Wil -.62 ~. 121 .34 -.08 -.)0
We ~.54 - 22 .05 -.23 -.13
PF -'53 .'039 027 020 "-OS
Lz - 4R .48 .25 .18 8
s -.69 L2 0L .03 -.29
87 -.50 - L13 el .08 .00
Ri, -.62 .22 LoC -.27  -.04
Frovlem~salving Criteria
VENB ~.57 .53 11 -.36 13
DUND -.52 L2 .05 ~.36 .31
THENB -, 85 53 - 19 -, 21 05
STaN - A0 .53 -.22 - 21 .23
TECONB .19 .32 .00 LBl -.15
HSTIPHB -.38 B8 ~-.19 -.09 .10
N3TPSF .27 -.05 -.05 -.37 ~. 42
TNSBRY 15 - 42 -, 21 -, 30 .05
TTREPY .on ~-.28 -. 17 W17 «253
TSSPY - 7L -t .37 .08 -3
ZRRCJ 9 .23 2l - 30 .00
¥OCCd .19 .2 .08 .05 .37
e Qe -.22 Y 20 .28
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tests with the highest loadings. Four faétors had
essentially- equivalent high'loading for several tests
and thus were identified as representing more than one
SI factor. Undoubtably, the structure could have been
improved by oblique rotation, but in conformance with
Guilford's criterion of orthogonality, this structure
was accepted as the most representative structure of the
ST model that could be derived from available data.
Using the factor structure given in Table 22,
extension loadings of the problem-solving criteria.on
the 13 factors were calculated according to the procedures

of Mosier (1938). This had the effect of adding a row

to the factor loading matrix for each of the problem- ..
criteria. These added rows are presented in Table 23.
Almost all of the extension loadings are less than .30,
indicating that most of the problem-solving criteria
were not related to the factor structure. There are,
however, a few exceptions. The number of steps and

money earned from The New Bike are moderately related

to factor iV, which was associated with the SI factof*of

memory for semantic systems. The information score from

the same test appeared to be related to factor VII, which
was associated with convergent prochtion of sémantic

systems. The New Bike strategy score and the concept

problem total elapsed time were related to factor X,
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the measures Tem the Verlal Maze prodlems were sig-

nificant 1y differan+ from zers. The Peliability coeff-

- v < - - ~ T e, - 3 o~ . - S
dP;¢rm1n¢nJ reliabilicy -ihicate that only TWe of the

PR 1 . T e - DR N ] et -

Reasires exnibiten CONGistarn+ Pe.latilities, Total

So’utions from tne Verval ianm- Droblems and The number

of errers in the concent ident;f*ction problem had

reliabilitiss o~ €20UT L83 and 75 Tetpectively across
the =wo reasyuresg, Ye*, +theen TRCULTS leave much £o he

desired since 4 connziderabre prorortion of tne score
variarce wag ST111 erpor varizron.

vevaral pPossiblae ezalanafions exiet for these

’..‘n

results in +he reliability STUGY.  Low pelial litieg may

fferential learning,

21.

be due to task diffLC”lty, 4

centent Sampliing Cifficulties, op inadequate measure

vali city, |
lesterategt 2nd aiternste forn correlations mnay both
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gince hoth the performance and *he ative ranking of
5s will change. rNing Apn ntly did take place for

2eT~retest condition sinne tha wo-orted means Fenerally

Craneed acress testing sessions. Tor “he alternate
forns, learning was avident primarily for the Verbal
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caaze proplems. IF differentiazl learning did occur,

Anrother factor that could affoct *the alternate forms
reliapility is the conten* *tha™ 2ach instrumen® sampled.
The basic assumpricn belind zi%ernote forms reliability
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Forms should, thuc, only diffzy in superficial character-
lgtics. In the oricinal cevelopmental effort, an attempt
Was made to construct parzliliel forms for each of +the tyoes

of irsgtruments. Tor the ciulate

i)

drolems essentially
the same problem maps wers used for bo+th *+he single and
muitipie sclution forms. Iroblem roals were essentially

the 3ame; to Find cemethine missin~ 2y searching a3
L] & .« 2 [

variaty of places, and to collect a given amount in a

tasks the forms were exactly the same. Cnly the targe
- - s - N -t - xr .A.“
conzept was changoed in term:s of the elev nt dimensions.

“he Verbal lMaze problems used ~he same proklem maps for

bovs forms. Only the names wews cranged Irom one form
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solver should utilize more informstion in golving the
prebien. The nunzer of steps also appears to Le wvalid

Dccau ) tpe betler problem-soiver should take fewer

~ - ~ s - . N LR, —y - ., . ey

STPRE Tn zolve the oweblor.  Thara miv be sere 2uestion
P ~ e . - - o . %

220U L2 Slraveny rcoore <:;T‘.d ncons lb-ﬁ,'lc 7 SCore. nowever.

The stratepny score reflects‘the cenfornmance of the S's
pattcrn ﬁF caoices with the suare strategy. DBut *hig

Sure strategy mey not correspond to *he S's ceneeption
of a hest stretegy, since *he COMmRoN aSaumpglon is that

The best stratecy involves the Tewest steps The sure

Thuc &35 mav no* Le ove attenpting to follow a surc
SLretoeny which cauces the conformance neasure to lose

meaning. Tne inconsistency ncore Supposedly reflects
the logical errors & make in followi ing directions in
the droblem., Howaver <hir reasyure may reflect errors
irorm two sourcng: misunderstanding given d&r ctions and
accidental random errars dus *o SUCh scurces as turning
tc The wrong pege. This second source is not systematic
and therefore *he inconsis*tancy score may reflec* random
zs well ac syctematic varisnce.

Jor the concept problams, the numher of errors and

o
L

ocuding score are recopsnized measures o concent

}—-

iderntificat

t+

ron olten appearing in the research 1 terature.

iowever, tne scannin: score may 2e less valid in this
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From the zbhove discussion it is evident that a
namber of conditions existad which could adversely
affect the reliability coerficients for the problem-
solving criteria. dlnce the relianilities wore auite
low, it is reazorable to essume that some of these
fastors were active in lowering tho reliability of the
differcnt.mJasures. Regarcless of *he causes of the
Cecrements in r2lizbility, the important outcome of
This study wes tha* +he problem~solving criteria exhibited
cornzistently low reilanilities. There low reliebilities
will adversely 2ffact all atTempts to investigate the
problem-solving behavion Sampled by these measurss, as
%111l be seen in <ne fellowing sections.
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The Problem-Solving Abilities Study

The primary outcome of this study was that few
relationships were evident between this particular set
of problem-solving criteria and the set of tests
representing a number of Stru2ture of Intellect (Guilford,
1967) factors. However, the relationships that were

evident will be discussed in the following sections.

Regression Analyses. .
The regression analyses were the most fruitful in
termé of relationships revealed. These analyses were
designed to determine the predictability of the problem-
solving criteria from the SI test. Each of the problem-
solving criteria was significant correlated with at
least one of the SI tests. Multiple correlations were ‘
not great, the greatest being .47, and thus large amounts
of variance in the criterion variables were left un-
explained. Optimum predictor batteries ranged from
one to five SI tests.

* Three SI tests were significantly related to all

of The New Bike measures except the inconsistency score.

These were, in order of importance, New Uses, Learned

Information, and Related Alternatives. New Uses represented

the SI ability of convergent production of semantic

transformations. Learned Information represented the

SI factor of memory for semantic systems, and Related
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ernatives represented tue SI anility of menory for

semrntic Iwplicatlions.  Mov Uses a-n-sars o b2 logicalliy

related to performarce on this instrument in that +he

B howd . . . - - -
the ~Zven information in craer To arrive at the bhest
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decision, converzent preoduction of semantic trancs-
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formatilons. The lomical relaticnsaip of Learned

snforration and Xelated Alternativas to performance

on This instrument geems te lie in the nece sgity for
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the Lrecert sten. %hls appears to be the same apili+ias

as described by memory for semantic systems (structure)
and implicatiens {(meaning).

in *he concept identification task, onily *he number

of errors nac an important amour+t cf variance predicted

iated to number of
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errovs. Logical Reasoning appears to be logically
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releted, in that semantic reasoning ic necessary
interpret feaedback and celermine wrilceh dimensions are

relevant. inllkely +hings does not appear to be
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203Leally related because of +he 57 faator it represents,

but rather through the fact +ha~ Soth Instruments depend
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on the S's ability to notice pictorial details.

Utility Test - fluency may be related to performance on

the concept identification task in that it is necessary
in both tasks to generate a number of possible solutions
to the problem-divergent production.

A number of SI tests were also related to the total
solutions measure of the Verbal Maze instrument. The

significant%ywpglatngtests were Remembered Relations,

Unlikely Things, Logical Reasoning, Plane Flight Test,

and Learned Information. The underlying cause of relation--

ships appears to lie in the fact that the Verbal Maze
is a semantic system, a relation among relations

where the relation is "can talk to". Thus Remembered

Relations (memory for semantic relations) and Learned

Information (memory for semantic systems) may be related

in that they measure the recall of semantic relations and
systems. These correspond to remembering the name

pairs and the connections among name pairs. Unlikely
Things (evaluation of semantic systems) appears to be
related in that the problem task requires the S to

judge the adequacy of his solutions which are semantic
systems evaluation of semantic systems. The two

reasoning tests, Logical Reasoning (evaluation of semantic

implications) and Plane Flight Test (cognition of semantic

systems), appear to b¢ logically related tothe task in

that the task requiﬁés reasoning of the form: if A

15%

bl
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can talk to B and B can talk to C ‘then one can pass

a message from A to C. This type of reasoning encompasses
both semantic and general reasoning spécified by the

two tests.

From the above discussion it is evident that a
small number of relations existed betwgen thevSI tests
and the problem-solving measures. These relations
lend some weight to the assertion that some human
abilities are important to problem solving. However,
it is important to remember that the ability measures
that were related to the problem-solving criteria
predicted only a small portion of the criterion variance.

Thus the relations are generally weak.

Structural analyses.

The factor analytic procedures employed in these

- analyses generally revealed very little about the

relationships between the SI tests and the problem-

'solving criteria. The purpose of these analyses was

to determine the underlying factors common to both the
SI tests and the problem-solving criteria, and in this
way to elucidate relationships between the two batteries.

Conventional Factor Analysis. The conventional

" factor analysis revealed five factors, none of which

resembled SI factors. The first factor was a general

test performance factor, similar to a general intelligence

152
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factor, which had loadings of all the SI tests and
criteria. The second and third factors were instrument e
specific and represented the concept identification

task and The New Bike with New Uses. The fourth

\
\
at least one meésure from each of the problem-solving

factor represented divergent production of semantic
products. Only the last factor demonstrated any
crossover between the two batteries. However, this
factor made little logical sense, and since the important
factor-test correlations were barely greater than .36,
the factor was judged unimportant. Thus the conventional
factor analysis revealed nothing ne@ concerning the

' relationships between the two batteries.

Canonical correlation analysis. The canonical

correlation analysis yielded only one important canonical
factor. The test-factor correlétions revéaled that

this factor was highly similar to the general test
performance factor found in the previous analysis.

The only new information this'énalysis added was that
very little of.the general performance variance in

the problem solving criteria was predictable from the

SI tests.

Extension loadings analysis. The purpose of this
= =23

analysis was to discover how the problem~solving tests

fit into the SI factor structure supposedly represented

by the SI tests. Hawever, considerable difficulty

153 i




N R AR

143

was encountered in reproducing the SI factor structure.

This structurewas approximated only when the question-

eble procedure of extracting all of the variance by

factors was employed. The extension loadings provided
little new information. This analysis revealed only

that Learned Information appeared to be related to The

New Bike measures.

Possible explanations for the poor results. The

poor results of all these analyses can be traced back
to the correlation matrix of the SI tests and problem-
solving criteria. These correlations were generally
quite iow, and a large number did not exceed a
magnitude which would be significantly different from
zero. Thus the expectation of factors across the two
batteries could not be high.v In turn, these low
correlations can be directly attributed to the low
reliabilities of the problem-solving criteria. According
to classical test theory (Lord and Novick, 1968), the
correlation between two tests is limited by the square
root of the product of the reliabilities of the two
tests. Thus the low reliabilities of the problem-
solving criteria severely limit the possible magnltude
of correlations between them and the SI tests. The
possible explanations for these low reliabilities were
discussed in the previous section. This appears to be

the primary reason for the lack of evident relationships
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in the multivariate correlational analyses.

Several other more general facfors may have also
affected these analyses. In addition to those factors
which could affect the reliability of the problem; |
solving criteria, characteristics of the specific
tests and the sample may have affected the outcome.

The New Bike placed great deal of emphasis on the

reading ability of the Ss. It is possible that the

J
|
|
|
importance of reading ability overshadowed the effects
of all other abilities. Thus the reading ability of the

S may have dominated performance on the task, to the

exclusion of most other abilities. However, the low

correlations of The New Bike with Word Completion

argue that this possibility is not highly probable.
Another factér which may be characteristic of all
of the ﬁroblem—sblving tasks is the complex nature of the
problem~solving involved. The possibility exists.
that the measures derived from the instruments did
not suit the complexity of the tasks. If problem-
solving is a complex interaction of a number of human
abilities; it may not be reasonable to assume that
--gross measures which count events across the entire
span of the probiem-solving episode will reflect
accurately the functioning of these abilities. All
the measures derived from the problem-solving tasks

sampled behavior across the entire task, so'it.may be

155



that the importance of some abilities may have been
masked by the gross nature of the measures.
A factor which may have affected the concept

identification tasks is the nature of the task:

content. The S had to identify a two dimensional

geometric concept. All exemplars were geometric

.figures. Yet none of the SI abilities represented by

the SI tests dealt with figural rather than semantic
content. If abilities focusing on figural content were
of pfimary importance, few members of the SI test
battery would be related to performance on the problem-
solving task.

A characteristic of the sample may have also
affected the relationships between the two sets of tests.
Guilfofd's SI tests were developed primarily using
samples of servicémen, college students, and high
school students. The question therefore arises:

Do these tests measure the same abilities among fifth
grade children as they do among adults? Some evidence
exists (Torrance, 1966b; Wallach ! t Kogan, 1965;

Getzels § Jackson, 1961) that children péssess divergent
production abilities at a young age. However, it is

open to question if such tests as Logical Reasoning,

Apparatus Test, and Judging Object Adaptations elicit

the same responses among adults as they do among children.

It is quite possible that the vocabulary component of
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these tests is much more important for children than it
is for adults. If this was true, then adult abilities
scores of the Ss in tge sample. Thus the relationships
between the;adult abilities and the problem-solving
behaviors would not be present.

One final contention concerning problem solving
by Newell and Simon (1972) may have also influenced the
lack of relationships. They contéﬁd in their theory of

measured by these tests would not be present in the ' :
|
|
\
1
|
i
|
problem solving in a human information processing system ‘

that:

A few, and only a few, gross
characteristics of the human IPS
(information processing system) are
invariant over task and problem 1
solver (underlining added) |

This implies that there are not a large set of human
abilities which are important to all problem solving
situations, but rather that the abilities employed
vary from task to task and person to person. If this
contention were true, thén performance on the problem-
solving criteria of this study would depend both on the

task and the problem solver. Since all analyses were

; | aimed at extracting common characteristics across in-
'dividuals, this dependence on the individual would
; effectively remove the possibility of the analyses

yielding such general characteristics. Thus, few, if
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any, relatiOnships would be found between the SI tests
and problem—solving criteria.

It would appear from the above discussion that
there are several:possible'explanations for the lack
of significant relationships between the SI tests and

the problem solving criteria. One or several of them

“may have, in fact, been true for this study. However,

concrete evidence exists for only one explanation.

From the first study it was known that the reliabilities
of the problem—solVing criteria were quite low, and |
thus the correlations With the SI tests were limited.
The resulting low to zero correlations effectively
prevented theeﬂucidation of many pOSSible relationships

‘Inability to reproduce a Structure of Intellect

factor structure. One final question must be dealt
with. ‘Why was an SI factor structure not reproducable
from the intercorrelations of the SI tests° One very
simple explanation is that in order to produce a given
factor it is necessary to have at least two tests which

represent that factor, and they must have a higher .
correlation between them than each has With all other

\

~tests This study had only one test representing each

- of the chosen sI factors, and thus the likelihood of

l i L'-'

producing SI factors ‘was extremely small

Even if the proper number of tests were present,
L

there is some question of whether or not the SI structure
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could be reproduced using strictly empirical methods.

To quote Horn (1970)

The fact that subjective methods were
allowed in research upon which the

SI model is based invokes the uneasy
feeling that perhaps - in what degree
one can only surmise - what are
referrad to as distinct abilities are,
in reality, only drawingboard vectors
.created by overfactoring and rotated
to fill otherwise unfillable cells in
the SI cube '

When this type of objection is combined with the
possibility that some SI tests may not measure the same
things in children as they do in adults, the possibility

of reproducing SI factors using test performances of

fifth graders seems even more remote.

Summary and Conclusions

The project encompassed by this thesis developed
a set of problem-solving tasks which were believed to
be more in line with a set of characteristics for the
ideél problem~solving task. However, the religbility
study revealed that theée tasks failed one important
criterion -~ they were not reliable measures of the
behaviors they were éampling. In spite of this, these
probiem~solving tasks were administered to a large
group of thildren along with 17 human ability measures as

spedified by Guilford's (1967) Structure of Intellect
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model. The analysis of these results revealed few

relationships between the SI tests and the problem-

solving criteria. The few relationships that existed

~indicated that memory abilities were important to

two of the three tasks, a measure of convergent
production of semantic transformations was related to
performance on the simulated problems, and reasoning
and evaluation abilities were related to performance
on the concept identification and Verbal Maze tasks,
A primary stumbling block in investigating possible‘%
rélationshipsvas the low reliability of the criteria,
though some other factors may have been operative.

The primary conclusion that must be ‘drawn from this
project ié that the ‘unreliability of the problem-solving
criteria severely limited the study and essentially
prevented the study’from fulfilling many of its purposes.
The question of what human abilities are important to
problem solving thus remains open. The basic design
of this study is still capable of providing information
regarding this question, but a number of improveménts
need to be made. First, the reliability of the problem-
solving criteria need to be raised to acceptable levels.
Second, an even wider sample of problem-solving behaviors
need to be included as marker tests. Third, the population
of interest should be adult problem-solvers instead of

children. With these improvements, it is quite possible
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that important contributions could still be made to our

knowledge éoncerning‘human problem solving.
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WS TCR ELUCATION

Tne goai of Prase 1II of th.s proiact was 12 construct
can empirically Lav=2. model for instruction in numah problem
solving. This model was to luild cn the resusts of Phése II
com>ined with guicelines anu principles derived from the research
literature witn rerpect te preblen solving. Luat is, Phase II
was to have estaiplishesd with soms reliavility, wnlen of the 17
specific LI awilities were ralated to several Jifferent aspects
of problem solving. Tnede aspects were reflected in the different
measures derived from the problem-soiving oriteria. It was
assumed tnat tiese réiationhuips Letweon the snecific abilities
anc the problem-zolving measuren wWouwd serve as preliminary
evidence that enhancing the'awpropriate specific abilities
would lead to more efficient and accurate prol:lem solving.
The model for instruction in probler solving would Enen have
invelved @ set of empirically based principles for the nurturance
of these importan* human ahbilitiecs, Since it was evident that

.

even Lf the second phase were successful the model could not be

2]

complete based solely on tnls project's results, relevant principles
derivable from *he pro!iem-sclvine literature were also To be
included.

9 Howewver, as i obvious from the preceding chapters, Phase II

was essentially unsuccessful in establishing a structure of

specific SI abilities wnich were related to the various aspects

. of problem solving reflectec in the measures derived from. the

problem-solving criteria. Tnus, the dilemma cf constructing

"
s
H




.
an .nacequats nodal or rofraining from model construction J
was prevented.  Lince the evidence in tie problem-solving
lizeraturc concerniug t:e importance ¢f 4diiferernt specific human
ablllties vaz rragmentary ond incomylie*te, @ model based solely
6n the exiztins lilerature was judped to be inadecuate for
instructional purposes. Tohls lask of definite empirical evidence
from the researcsn literature, together wita the lack of resulis
from Fiase 11 of the project, lad to the decision tnat no
useful model could Le zonstructed at this time. TYhat is,

no useful and empirically sased model for instruction in specific

cognitive aptitudes could Le ceonstructed [fron evidence presently

available.
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